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DEVILS  LAKE  FLOOD  CONTROL  PROJECT 
SECTION  205 

DETAILED  PROJECT  REPORT 

THE  STUDT 

On  October  3,  '979,  the  Devils  Lake  Basin  Joint  Hater  Management 
Board  requested  that  the  Corps  of  Engineers  Investigate  the 
feasibility  of  flood  control  measures  at  Devils  Lake,  North  Dakota. 
The  board  requested  the  study  because  the  water  level  of  Devils  Lake 
has  Increased  about  28  feet  In  the  last  40  years.  This  rising  water 
level  threatens  to  flood  a  considerable  amount  of  property.  The 
request  from  the  board  and  a  supporting  resolution  from  the  Sourls- 
Red-Ralny  River  Basin  Committee  of  the  Upper  Mississippi  River  Basin 
Commission  are  In  appendix  H. 

In  February  1980,  the  St.  Paul  District  or  the  Corps  of  Engineers 
completed  a  reconnaissance  report.  That  report  concluded  that  flood 
control  measures  were  potentially  feasible  and  recommended  that  more 
detailed  studies  be  prepared.  This  detailed  project  report  has  been 
prepared  In  response  to  the  reconnaissance  report  recommendation 
under  the  authority  of  Section  205  of  the  '948  Flood  Control  Act,  as 
amended. 

PRIOR  REPORTS 

Except  for  the  reconnaissance  report,  no  prior  reports  specifically 
address  the  flood  threat  to  the  city  of  Devils  Lake.  The  following 
studies  generally  address  water  resource  problems  in  the  Devils  Lake 
basin: 

1.  Proposed  interim  report  on  the  Devils  Lake  basin. 

In  the  early  '960's,  the  St.  Paul  District  held  a  series  of  public 
meetings  throughout  the  Red  River  basin,  including  one  at  Devils  Lake 


;»r.d  another  at  Lakota,  North  Dakota.  The  principal  water  resource 
problem  reported  was  the  Inundation  of  agricultural  lands  caused  by 
floodwaters  collecting  in  depressed  wetland  areas  and  small  lakes 
with  inadequate  outlets.  Flooding  caused  by  nigh  water  levels  in 
Devils  l.ake  was  not  a  concern  at  that  time.  The  .It.  Paul  District 
ieveloped  a  plan  to  reduce  flood  damages  by  improving  the  natural 
channel  through  the  chain  of  lakes  north  of  Devils  Lake  to  the  main 
luxe  via  Mauvais  Coulee  and  Big  Coulee  near  Churches  Ferry,  North 
Dakota.  However,  because  of  the  circuitous  route  of  the  natiral 
channel  ini  the  large  number  of  bridge  changes,  local  interests 
favored  a  more  direct  route  Involving  construction  of  a  new  channel 
from  Dry  Lake  to  Devils  Lake.  As  a  result,  the  proposed  interim 
report  on  the  Devils  Lake  subbasin  was  not  completed. 

2.  Souris-Red-Rainy  River  Ba3lns,  Comprehensive  Study:  Type  II 
Study  of  Selected  Subbasins  of  the  Red  River  of  the  North  Basin, 
Souris-Red-Rainy  River  Basins  Commission,  1972. 


This  report  describes  the  Devils  Lake  basin  and  flood  problems,  flood 
damages,  and  alternative  flood  damage  reduction  measures.  It  refers 
to  the  local  plan  (prepared  with  technical  assistance  from  the  Soli 
Conservation  Service)  for  channel  improvement  in  the  Starkweather 
Watershed,  including  the  outlet  (channel  A)  from  Dry  Lake  to  Six  Mile 
Bay.  Channel  A  was  constructed  and  operated  during  the  spring  of 
1979  as  an  emergency  measure  to  prevent  excessive  flooding  in  the 
area  north  of  Devils  Lake. 

3.  Water  Quality  Studies.  Information  Report  Proposals  to 


Freshen,  Restore  and  Stabilize  Devils  Lake  Chain  of  Lakes.  U.S. 
Department  of  the  Interior,  Bureau  of  Reclamation,  1975. 

This  information  report  was  published  in  1975  as  part  of  the  Garrison 
Diversion  Unit  studies.  The  report  updates  dsts  developed  in  the 
1960's.  It  outlines  the  bsslc  plsn  to  restore  desirable  lake  levels 
by  transfer  of  Missouri  River  water  from  the  proposed  Warwick 
lrr  l*atl  on  canal  to  Davila  Lake  and  division  of  the  lake  into  nine 


poo  1 3  separated  by  dikes  and  outlet  control  structures.  This  feature 
of  the  Garrison  Diversion  Unit,  which  is  dependent  upon  development 
of  the  War w ick-McV i 1 le  irrigation  area,  has  been  indefinitely 
deferred,  primarily  because  of  Canadian  objections  to  Missouri  River 
waters  entering  streams  flowing  into  Manitoba  and  because  of  concerns 
voiced  by  various  wildlife  organizations  in  the  United  States. 

4.  Study  Report,  The  Devils  Lake  Basin  Study,  Devils  Lake  Basin 
Advisory  Committee,  Devils  Lake,  North  Dakota,  October  1976. 

This  report  was  authorized  and  funded  by  the  North  Dakota  r 
Legislature.  It  inventories  the  land  and  water  resources  he 
basin,  identifies  problems  and  discusses  alternative  ins. 
Structural  recommendations  include  channel  Improvements,  c  •  ,1 

structures,  and  grade  stabilization  projects  throughout  the  basin. 
Nonstructural  recommendations  include  land  treatment  and  floodplain 
management  measures.  The  report  recommends  the  following  additional 
studies: 

a.  Additional  environmental,  hydrologic,  and  sociological 
data  collection. 

b.  Comprehensive  floodplain  zoning  program  below  the 
meander  line  of  Devils  Lake. 

c.  Impacts  of  land  drainage. 

d.  Determination  of  an  acceptable  outlet  from  the  basin. 

5.  An  Analysis  of  Lake  Levels  on  State  Highways,  Devils  Lake 
Area,  North  Dakota  State  Highway  Department,  August  1979. 

This  report  classifies  the  highways  in  the  Devils  Lake  basin  by 
elevation.  About  6  miles  of  highway  are  below  elevation  1435  feet 
mel  (feet  above  mean  aea  level),  13  miles  are  below  1440,  24  miles 
are  below  1445,  and  29  miles  are  below  1450.  The  report  recommends 


that,  the  highways  be  raised  to  an  elevation  of  1440  feet  msl 
felevatlon  1*435  plus  5  feet  of  freeboard).  As  of  April  1981,  the 
State  had  programmed  17,000,000  for  this  work. 

6.  Section  205  Flood  Control  Reconnaissance  Report.  Devils 
Lake,  North  Dakota,  St.  Paul  District,  U.S.  Army  Corps  of  Engineers, 
February  1980. 

This  report  Is  a  preliminary  analysis  of  several  structural  and 
nons true  tun  1  measures  to  reduce  the  adverse  effects  of  high  lake 
levels.  It  investigates  seven  possible  routes  for  diverting  water 
from  the  lake  to  the  Sheyenne  River  and  a  plan  to  provide  local 
protection  to  the  city  of  Devils  Lake.  The  report  also  discusses 
flood  proofing,  "vacuatlon,  and  floodplain  management  measures.  The 
report  concludes  that  a  plan  to  protect  the  city  from  the  immediate 
flood  threat  should  be  developed  and  Implemented  as  soon  as  possible. 
The  report  also  concludes  that  development  of  a  long-term  plan  Is 
desirable  to  prevent  major  damages  throughout  the  basin  if  the  lake 
level  continues  to  rise. 

7.  Devils  Lake  Subbasln,  Red  River  of  the  North  Reconnaissance 
Report,  St.  Paul  District,  U.S.  Army  Corps  of  Engineers,  December 
1980. 

This  preliminary  report  provides  an  overview  of  the  water  and  land 
resource  problems  and  needs  in  the  Devils  Lake  basin.  It  Includes 
discussion  of  the  flood  threat  to  the  city. 

FUTURE  STUDIES 

An  April  29,  1980,  letter  from  the  Devils  Lake  Basin  Joint  Water 
Management  Board  requested  Corps  assistance  for  a  long-term  plan  to 
prevent  major  damages  throughout  the  Devils  Lake  basin  If  the  lake 
level  continue  to  rise.  The  St.  Paul  Dlstrlot  Is  developing  a 
preliminary  study  of  the  water  resouroe  problems  In  the  Devils  Lake 
basin  to  determine  if  detailed  feasibility  studies  are  warranted. 
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The  preliminary  aubbasln  study  includes  the  potential  feasibility  of 
an  outlet  for  the  lake.  The  preliminary  study  Is  scheduled  for 
completion  in  1983.  A  detailed  feasibility  study  couid  best  be 
prepared  under  the  general  Red  River  of  the  North  basin  authorities. 
However,  as  of  June  1983,  no  funds  for  these  authorities  were  in  the 
fiscal  year  1984  Federal  budget. 

Tne  Devils  Lake  subbasin  study  would  address  all  water  resource 
problems  in  the  entire  subbasin,  including  both  structural  and 
construe tura  1  solutions  to  the  problems  associated  with  the  rising 
lake  levels.  Implementation  of  any  measures  that  address  the  flood 
problem  in  the  city  of  Devils  Lake  could  take  1b  to  20  years,  and 
substantial  flood  damages  could  occur  before  then. 

This  Section  205  detailed  project  report  addresses  the  Immediate  need 
to  protect  the  city  of  Devils  Lake  from  rising  lake  levels.  It  deals 
with  one  problem  -  flooding  -  and  with  a  small  geographical  study 
area  -  the  city  of  Devils  Lake.  An  expeditious  planning  and  project 
implementation  schedule  is  essential. 

The  Section  205  study  and  the  subbasin  study  complement  each  other. 
As  information  generated  by  the  subbasin  study  becomes  available,  It 
will  be  Incorporated,  where  appropriate,  Into  the  205  study. 

STUDY  PARTICIPANTS  AND  COORDINATION 


The  St.  Paul  District  prepared  this  Section  205  study  with  the 
assistance  of  the  Devils  Lake  Basin  Joint  Hater  Management  Board  and 
the  city  of  Devils  Lake.  The  study  has  been  coordinated  with  local, 
State,  and  Federal  agencies.  Appendix  H  contains  copies  of  pertinent 
correspondence  and  a  summary  of  coordination  meetings.  Hydrologic, 
hydraulic,  geotechnical,  design,  economic,  environmental,  social, 
cultural,  and  recreational  investigations  were  conducted  by  St.  Paul 
District  staff.  Real  estate  information  was  provided  by  the  St.  Peul 
District  office  of  the  North  Central  Division.  Topogrephio  and 
cultural  resource  information  was  collected  by  private  contractors. 
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EXISTING  CONDITIONS 


LOCATION  AND  DESCRIPTION 

Tnc  city  of  Devils  Lake,  North  Dakota,  is  in  Ramsey  County  aoout  90 
miles  west  of  Grand  Forks.  U.S.  Highway  2  runs  east  and  west  through 
too  city.  State  Highways  19,  20,  and  'it  also  pass  through  or 

originate  in  the  city.  Burlington  Northern  and  Soo  Line  railroad 
main  line  tracks  pass  through  the  city  in  an  east/west  direction. 
Burlington  Northern  has  branch  lines  running  north  and  south  of  the 
city,  although  the  south  branch  line  was  recently  abandoned.  Figure 
1  shows  the  location  of  the  city. 

The  city  lies  along  the  north  shore  of  Devils  Lake.  Creel  Bay,  an 
arm  of  the  lake,  lies  along  the  southwest  side  of  the  city. 


FIGURE  1 


TOPOGRAPHY 


The  Devils  Lake  basin  is  entirely  in  the  Drift  Prairie  section  of  the 
Central  Lowlands  physiographic  province.  It  is  a  large,  closed 
drainage  basin  between  the  Turtle  Mountains  to  the  northwest  and  a 
series  of  prominent  hills  to  the  south  of  Devils  Lake.  The  land 
surface  is  a  rolling  glacial  plain  characterized  by  numerous  prairie 
potholes,  sloughs,  and  occasional  morainic  ridges.  Maximum  relief  in 
the  subbasin  is  about  315  feet,  with  Devils  Lake  occupying  the  lowest 
area  at  roughly  elevation  1428  feet  msl  and  with  the  high  elevation 
being  1740  feet  msl  at  the  crest  of  hills  immediately  south  of  Devils 
Lake. 

The  land  surface  in  the  area  of  the  proposed  embankments  was  smoothed 
by  sedimentation  and  wave  action  in  Devils  Lake  when  it  was  at  a  much 
higher  level.  At  the  site  of  the  Creel  Bay  or  main  embankment,  the 
ground  surface  rises  gently  from  a  low  elevation  of  1428  feet  msl  to 
a  high  elevation  of  1445  over  a  distance  or  600  to  700  feet.  Total 
relief  at  the  smaller  embankments  near  Highways  19  and  20  is  less 
than  10  feet  over  a  distance  of  2,500  to  3,000  feet. 

GENERAL  GEOLOGY 


The  geology  of  the  Devils  Lake  subbasin  is  uncomplicated.  It 
consists  essentially  of  a  mantle  of  glacial  drift  resting  on  an 
unevenly  eroded  Cretaceous  bedrock  surface.  Sandy  olay  till 
comprises  most  of  the  drift,  but  beds,  lenses,  and  channels  of  sand 
and  gravel  in  the  till  are  common.  The  thickness  of  the  glacial 
drift  varies  from  only  a  few  feet  in  areas  of  bedroox  highs  to  more 
than  350  feet  in  burled  bedrock  valleys.  Little  or  no  mod  if lost ion 
of  the  drift  by  erosion  has  occurred  except  in  areas  previously 
inundated  by  lakes.  In  those  areas,  surface  irregular itles  were 
smoothed  by  wave  action,  low  areas  filled  with  fine-grained 
lacustrine  sediments,  and  ooarse-gra lned  beaoh  ridges  developed  along 
the  old  shorelines. 


Bedrock  underlying  the  drift  ia  the  Cretaceous  Pierre  Formation, 
which  has  a  maximum  thickness  of  600  feet.  This  formation  is  a  dark 
gray  clay  shale.  Below  the  contact  with  the  drift,  the  upper  50  to 
<?00  feet  of  this  shale  are  badly  fractured.  K  thick  sequence  of 
Mesozoic  and  Paleozoic  sedimentary  bedrock  underlies  the  Pierre 
Formation  bit  is  well  below  the  influence  of  the  proposed  work  and  is 
not  discussed  in  this  report. 

SITE  GEOLOGY 

In  contrast  to  the  simple  overview  presented  for  the  regional 
geology,  detailed  slte-spectf lc  stratigraphy  in  glacial  drift  is 
commonly  complex.  Such  is  the  case  at  Creel  Bay  embankment  where 
overburden  materials  are  classified  into  four  units,  according  to  the 
time  and  mode  of  deposition.  Two  glacial  tills  separated  by 
glac ioaqueous  sediments  are  recognized  along  with  lacustrine 
sediments  laid  down  in  post-glacial  Devils  Lake.  Plate  E-4  shows  the 
correlation  of  the  units  for  the  Creel  Bay  embankment.  The  units  are 
discussed  in  the  following  paragraphs,  along  with  discussions  of  the 
underlying  bedrock. 

Becent  Lacustrine  Sediments 


Sediments  classified  as  recent  lacustrine  are  those  materials 
deposited  in  Devils  Lake  since  the  last  glacier  receded  from  the 
area.  These  materials  are  primarily  clays  with  minor  amounts  of  silt 
and  fine  sand.  They  have  never  been  consolidated  by  an  overlying 
load  of  sediments  or  ice.  These  sediments  exhibit  a  penetration 
resistance  of  3  to  10  blows  per  foot  (bpf)  in  standard  penetration 
tests,  k  maximum  of  17.4  feet  of  this  material  was  encountered  at 
the  Creel  Bay  embankment  site,  12.4  feet  at  the  Highway  20  embankment 
site,  and  10.9  feet  at  the  Highway  19  embankment  site. 


8 


Younger  Glacial  Till 


Sediments  classified  as  younger  glacial  till  were  deposited  directly 
by  the  ice  during  the  last  glacial  event.  The  material  is 
predominantly  sandy  gravelly  clay  with  occasional  thin  beds  of  sand 
and  gravel.  It  shows  a  penetration  resistance  of  5  to  25  bpf  in 
standard  penetration  tests.  Zones  with  a  penetration  resistance  less 
than  10  bpf  are  confined  to  areas  Immediately  below  a  former  surface 
that  was  Inundated  by  the  post-glacial  lake  and  that  is  now  mantled 
by  recent  lacustrine  sediments.  The  reason  for  this  lower 
penetration  resistance  is  interpreted  partially  as  reworking  of  the 
till  by  wave  action  but  primarily  as  a  residual  high  water  content. 

Glacloaqueoua  Sediments 

Glac ioaqueoua  sediments  consist  of  lacustrine  and  possibly  some 
fluvial  sediments  composed  predominantly  of  clay  with  some  silt  and 
sand.  These  sediments  are  Interpreted  to  have  been  consolidated  by 
an  overlying  mass  of  ice  after  deposition.  They  exhibit  a 
penetration  resistance  of  4C  to  150  bpf  (blows  per  foot)  in  standard 
penetration  tests.  They  are  easily  differentiated  from  younger  till 
by  their  uniform  texture  and  high  penetration  resistance.  Their 
stratigraphic  position  and  high  penetration  resistance  allow  easy 
differentiation  from  recent  laoustrlne  sediments. 

Older  Glacial  Till 


Sediments  classified  as  older  glacial  till  were  encountered  only  on 
the  abutments  for  the  Creel  Bay  embankment.  These  sediments  consist 
of  gravelly  sandy  day  and  clayey  sand.  The  material  is 
characterized  by  a  low  water  content  and  a  high  penetration 
resistance  ranging  from  53  to  2&0  bpf  in  standard  penetration  tests. 
This  material  is  differentiated  from  glacloaqueoua  sediments  by  its 
heterogeneous  texture  and  from  younger  till  by  its  lower  water 
content  and  higher  penetration  resistance.  The  older  till  is 
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interpreted  to  have  been  deposited  by  an  early  glaciation  and  to  have 
been  consolidated  by  subsequent  Ice  and  overburden  loads. 

Bedrock 


Bedrock  is  the  Pierre  Formation  that  underlies  glacial  drift 
throughout  most  of  the  region.  The  formation  is  a  soft  to  moderately 
hard,  dark  gray  clay  shale.  In  the  Devils  Lake  basin,  the  upper  50 
to  000  feet  are  fractured  sufficiently  to  serve  as  an  aquifer.  The 
ohale  was  penetrated  to  a  minimum  depth  of  1«  feet  in  borings  for  the 
Creei  Bay  “mtunkment.  At  that  location,  the  shale  is  badly  weathered 
and  fractured  at  the  overburden  contact.  It  is  more  like  a  soil  than 
a  rock  for  1  to  3  feet  below  the  contact  with  the  drift  mantle.  The 
shale  improves  in  quality  with  depth,  but  it  is  badly  fractured  and 
haracter lzed  by  a  high  water  content  to  the  depth  penetrated  during 
the  borings.  Samples  of  the  shale  were  obtained  by  drive  sampling. 
Resistance  to  standard  penetration  tests  ranged  from  55  bpf  at  the 
overburden  contact  to  over  100  bpf  within  a  Tew  feet.  The  light 
loading  proposed  for  the  site  and  thick  cover  of  impervious  material 
make  more  detailed  evaluation  of  the  strength  and  water-bearing 
characteristics  of  the  shale  unnecessary. 

CLIMATE 


The  weather  at  Devils  Lake  varies  widely  with  the  season.  Records  at 
the  Devils  Lake  weather  station  show  mean  monthly  temperatures  from 
68  degrees  Fahrenheit  in  the  summer  to  4  degrees  Fahrenheit  In  the 
winter.  The  maximum  recorded  temperature  Is  112  degrees,  and  the 
minimum  is  46  degrees  below  zero.  The  frost-free  growing  season 
lasts  from  about  May  15  to  September  23- 

The  mean  annual  precipitation  is  16.96  Inches.  Mean  snowfall  is  36 
Inches.  Snowmelt  can  oause  flooding  from  March  through  May.  Large 
rainfalls  from  May  through  September  oan  oause  ?ow-oapaolty  ohannels 
to  overflow,  resulting  In  flood  damages  to  orops.  Beoause  the 
subbasin  has  no  outlet  near  the  existing  water  surface  elevation,  the 

: 
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meteor  logical  conditions  that  cause  agricultural  spring  and  summer 
flooding  can  also  result  in  increasing  levels  in  Devils  Lake  and 
Stump  Lake. 

HATER  QUALITY 

The  water  quality  of  the  Devils  Lake  chain  of  lakes  significantly 
changes  with  lake  stage  and  the  location  within  the  chain  of  lakes. 
During  periods  of  low  lake  levels,  the  concentration  of  dissolved 
solids  Increases;  and,  during  periods  of  high  lake  levels,  the 
concentration  decreases.  For  example,  with  the  Increase  of  lake 
level  from  11)04  feet  msl  in  19*18  to  1415  feet  msl  in  1950,  the 
concentration  of  dissolved  solids  dropped  from  25,000  to  about  6,500 
parts  per  million.  Since  1950,  the  concentration  of  dissolved  solids 
has  generally  continued  to  decrease  with  the  rising  lake  levels. 

This  improvement  in  water  quality  is  reflected  in  the  increase  in  the 
number  of  sport  fish  and  the  recreational  use  of  the  lake. 
Sedlmentology  studies  have  shown  substantial  variations  in  salinity, 
probably  caused  by  changing  lake  levels,  for  a  period  of  over  6,000 
years.  There  is  also  a  decrease  in  salinity  following  large  spring 
inflows  and  an  increase  during  the  summer  and  fall. 

Hater  quality  data  show  an  increase  in  salinity  from  the  western  to 
eastern  end  of  the  ohaln  of  lakes.  For  example,  in  January  1979 
total  dissolved  solids  in  milligrams  per  liter  varied  from  3,820  in 
Devils  Lake  to  169,000  in  East  Stump  Lake.  This  varlanoe  probably 
occurred  because  most  of  the  Inflow  to  the  lake  flows  into  the 
northwest  corner  of  the  lake  (Hauvais  Coulee). 

Hauvals  Coulee  (Big  Coulee),  channel  A,  and  the  city  of  Devils  Lake 
sewage  lagoons  are  the  three  main  sources  of  nutrients  to  the  lake. 
The  city  or  Devils  Lake  discharges  water  from  its  sewage  lagoons  into 
Creel  Bay.  Stormwater  runoff  from  the  oity  is  diverted  to  holding 
ponds  and  eventually  la  also  discharged  into  Creel  Bay.  This  water 
contains  nutrients,  particularly  nitrogen  and  phosphorus,  that 
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degrade  the  water  quality  of  Creel  Bay  and  Devils  Lake.  Channel  A 
and  Mauvals  Coulee  carry  high  levels  of  nutrients  and  frequently 
exceed  State  standards.  Agricultural  runoff  and  wetland  drainage  are 
some  of  the  practices  suspected  of  causing  these  high  levels. 
Nitrogen  and  phosphorus  are  carried  into  the  lake  and  stimulate  the 
growth  of  aquatic  plants  such  as  algae. 

Surface  water  in  the  Devils  Lake  basin  is  relatively  nigh  In 
dissolved  minerals  compared  to  most  other  drainage  systems  in  North 
America.  The  surface  waters  are  high  in  dissolved  materials  because 
of  the  geologically  youthful  character  of  the  area,  because  of  the 
cold,  semi-arid  climate  that  prevents  excessive  leaching  of  the 
soils,  and  because  of  the  concentrating  effect  caused  by  the  lack  of 
an  outlet. 

The  waters  of  the  Devils  Lake  area  generally  contain  excessive  levels 
of  hardness,  total  dissolved  solids  (TDS),  and  sulfates.  They  also 
have  a  high  pH.  Metals  such  as  barium,  boron,  and  lithium  also  cause 
water  quality  problems  at  times.  Runoff  from  agricultural  operations 
Is  the  major  contributor  to  the  high  metals  and  TDS  concentrations. 
The  water  in  Devils  Lake  does  not  meet  North  Dakota  water  quality 
standards. 

Devils  Lake  is  the  most  important  water-based  recreation  area  in 
eastern  North  Dakota.  Primary  species  of  game  fish  include  northern 
pike,  walleye,  white  bass,  crapple,  and  yellow  perch.  A  primary 
forage  fish  species  is  the  fathead  minnow.  Some  invertebrates  that 
provide  important  fish  food  in  the  lake  include  midge,  oaddisfly,  and 
amphlpod.  Groundwater  supplies  are  generally  good,  although  some 
have  excessive  levels  of  nitrates  and  sulfates. 

TERRESTRIAL  VEGETATION 

Prior  to  Euro-Amer loan  settlement,  the  Devils  Lake  basin  was 
primarily  a  tall  grass  prairie,  vegetated  with  a  wheatgrass 
( Agropyron)  -  bluestem  ( Andropoaon)  -  needlegrass  (Stipe) 


association.  Most  of  the  woodland  In  the  basin  lies  along 
watercourses  and  in  the  aorainal  hills  around  Devils  Lake.  Today, 
■uch  of  the  tall  grass  prairie  and  soae  of  the  woodland  areas  have 
been  cleared  and  converted  to  agricultural  uses. 

Upland  portions  of  the  project  area  are  urban,  residential,  or 
agricultural.  Most  of  the  agricultural  areas  are  pastureland  covered 
with  ailkweed,  Canada  thistle,  foxtail  barley,  goldenrod,  curly  dock, 
little  sunflower,  buckbrush,  guoweed,  poison  ivy,  and  various  grasses 
and  sedges. 

AQUATIC  VEGETATION 

Aquatic  vegetation,  except  the  planktonic  algae,  occupies  the 
littoral  zone  (the  interface  between  the  land  and  open  water).  The 
wetlands,  streaa  channels,  and  lakes  in  the  Devils  Lake  basin 
generally  have  extensive  littoral  areas  because  of  their  low  relief 
and  shallowness. 

In  the  laaedlate  project  area,  the  aost  significant  wetland  habitat 
consists  of  a  three-cell,  270-acre  sewage  lagoon,  the  surrounding 
holding  ponds,  and  the  headwaters  of  Creel  Bay.  A  113-acre  holding 
pond  for  effluent  froa  the  sewage  lagoons  is  north  of  the  lagoons. 
This  holding  pond  is  an  artificially  flooded  wetland  with  eaergent 
vegetation  that  includes  cattail,  horsetail,  bulrush,  and  sedge. 
Iaaediately  west  of  the  sewage  lagoon  is  a  65-acre  eaergent  wetland 
lapounded  by  the  "ftiap  Road"  (Landfill  Road).  Predoainant  vegetation 
in  this  wetland  consists  of  the  above  species  plus  ooaaon  reed. 
Southwest  of  the  sewage  lagoon  is  a  38-acre,  interaittently-flooded 
wetland.  Predoainant  vegetation  there  inoludea  Nuttall's 
alkaligraas,  foxtail  barley,  guaweed,  ourly  dock,  and  kookia.  The 
headwater  area  of  Creel  Bay  is  an  interaittently-flooded  wetland  that 
is  either  vegetated,  open  water,  or  audflat,  depending  on  the  water 
level  of  the  lake.  The  lak  ashore  and  areas  with  a  ore  peraanent  water 
are  vegetated  with  oattail,  sedge,  grass,  foxtail  barley,  kookia, 
prairie  oordgrass,  and  other  speoles.  Between  Highway  20  and  the 
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abandoned  Burlington  Northern  railroad  branch  line  Is  an 
approximately  40-acre  wetland.  This  wetland  is  vegetated  by  cattail, 
bulrush,  sedge,  and  coason  reed.  The  northern  two-thirds  of  the 
wetland  appear  to  be  seasonally  flooded,  and  the  rest  appears  semi¬ 
permanently  flooded. 

These  wetland  areas  provide  good  habitat  for  waterfowl,  especially 
ducks.  The  fairly  abundant  aquatic  vegetation  provides  food,  while 
cover  Is  available  along  the  shore  of  the  lake  and  wetlands  where 
taller  vegetation  grows. 

THREATENED  AND  ENDANGERED  SPECIES 

The  bald  eagle  and  peregrine  falcon  are  the  only  federally-listed 
endangered  species  that  nay  occur  In  the  project  area.  The  presence 
of  the  falcon  In  the  basin  would  be  very  rare.  The  bald  eagle 
»lgrates  through  the  area  In  the  spring  and  fall  but  does  not  nest 
there. 

POPULATION 

In  the  past  decade,  the  city  of  Devils  Lake  has  experienced 
considerable  growth  in  population,  In  sharp  contrast  to  its 
surrounding  rural  coaaunlties  (see  table  1).  Of  the  counties  foraing 
aost  of  the  watershed  (Benson,  Towner,  and  Raasey),  only  Raasey 
showed  any  increase  in  population.  Host  of  the  saall  communities  in 
the  city's  immediate  vicinity  declined  to  some  extent.  Because  a 
very  high  percentage  of  persons  changing  residences  in  this  region 
remain  In  their  same  county,  Devils  Lake  serves  as  a  significant 
population  magnet.  Some  oitles  on  the  perimeter  of  the  watershed 
also  exhibit  this  trend. 

A  significant  portion  of  the  basin  residents  are  of  Norwegian 
desoent,  ranging  from  36  peroent  in  Walsh  County  to  50  peroent  in 
Benson.  Approximately  45  peroent  of  the  Cavalier  and  Rolette  oounty 
populations  are  of  Canadian  desoent.  The  Port  Totten  Reservation  is 
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the  home  of  the  Devils  Lake  Sioux  and  occupies  a  total  of  244,000 
acres.  The  total  Indian  population  on  the  reservation  was  estimated 
in  1979  as  2,815. 


Table  1  -  Population  in  and  around  Devils  Lake,  North  Dakota, 


■nrsnun 

1980 

1970 _ 

Percentage  of 

change 

Watershed  Counties 

Ramsey 

13,048 

12,915 

♦  1.0 

Benson 

7,944 

8,245 

-  3-7 

Towner 

4,052 

4,645 

-12.8 

Subtotals 

25,044 

25,805 

-  2.9 

Cities  near  Devils  Lake 

(county  in  parentheses) 

Devils  Lake  City  (Ramsey) 

7,442 

7,078 

♦  5.1 

Lakota  (Nelson) 

963 

964 

-  0.1 

Cando  (Towner) 

1,496 

1,512 

-  1.1 

Fort  Totten  (Benson) 

1,141 

N/A 

N/A 

Mlnnewauken  (Benson) 

461 

496 

-  7.1 

Starkweather  (Ramsey) 

210 

193 

4  8.8 

Leeds  (Benson) 

678 

626 

4  8.3 

New  Rockford  (Eddy) 

1,791 

1,969 

-  9.0 

Watershed  Perimeter  Cities 

(county  in  parentheses) 

Langdon  (Cavalier) 

2,335 

2,182 

4  7.0 

Cooper atown  (Eddy) 

1,368 

1,485 

-11.9 

Carrington  (Foster) 

2,641 

2,491 

4  6.0 

LAND  USE 


* 


j 
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A  September  1 97 **  satellite  imagery  analysis  of  land  use  showed  that 
about  70  percent  of  the  basin  is  cultivated  land,  8  percent 
grassland,  3  percent  woodland,  16  percent  water,  and  3  percent 
miscellaneous  area. 

Forested  areas  are  mainly  in  the  southcentral  portion  of  the  basin 
along  the  shore  of  Devils  Lake  and  in  the  Devils  Lake  Indian 
Reservation.  Although  most  of  the  land  is  cultivated,  the  richest 
soils  are  in  the  central  and  northern  parts  of  the  basin.  Pasture 
and  rangeland  are  more  common  in  the  southern  portion  of  the 
subbasin. 

Within  the  city  of  Devils  Lake,  most  recent  growth  has  occurred  in 
the  southwest.  Significant  subdivision  zoning  exists  between  the 
lake  and  the  city.  Commercial  strip  development  is  extensive  along 
Highway  2. 

Figure  2  is  a  land-use  up  for  the  city. 


I 

I 


EMPLOYMENT 

Although  farm  employment  has  decreased  during  recent  years,  it  is 
still  the  most  Important  sector  in  the  Devils  Lake  basin  economy. 
Empl  yment  in  the  basin  centers  around  agriculture,  retail  trade, 
services,  and  education.  These  four  sectors  are  estimated  to  account 
for  more  than  70  percent  of  the  basin's  employment.  While  farm 
employment  has  decreased,  other  sectors  have  Increased,  and  the  basin 
has  had  an  increase  in  total  employment.  Between  1970  and  1977, 
total  employment  increased  from  9,^89  to  12, 3*10,  an  increase  of  30 
percent. 


Unemployment  in  the  basin  averaged  about  6.5  percent  during  the 
1970's.  Employment  is  high  during  the  spring,  summer,  and  fall, 
which  comprise  the  construction  season  and  the  time  when  agricultural 
crops  are  planted  and  harvested.  During  the  winter,  many 
agricultural  activities  decrease  drastically. 

INCOME 

Total  personal  Income  for  the  basin  increased  from  $160  million  to 
$203  million  between  1969  and  1977  (as  expressed  in  1979  dollars). 
Farm  Income  accounts  for  more  than  half  of  the  total  personal  Income, 
and  cash  grain  sales  amount  to  more  than  70  percent  of  the  total  farm 
Income.  Average  per  capita  Income  during  the  same  years  increased 
from  $5,875  to  $7,242,  which  was  slightly  above  the  1979  average 
Income  figure  of  $6,859  for  the  whole  State. 

AGRICULTURE 

Agriculture  is  the  predominant  sector  in  the  economy  of  the  Devils 
Lake  basin.  The  production  of  small  grains  is  the  most  important 
agricultural  component.  Approximately  70  percent  (or  1,787,136 
sores)  of  the  subbasin's  land  area  is  cultivated  and  another  8 
percent  Is  pasture  land. 


FMVIOU*  MM 
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The  major  crops  grown  In  the  basin  are  identified  in  table  2.  Wheat 
is  the  leading  crop,  accounting  for  54  percent  of  the  harvested 
acreage.  This  is  followed  by  barley,  sunflowers,  hay,  oats,  and 
flax,  which  collectively  amount  to  45  percent  of  the  harvested 
acreage.  There  are  also  minor  acreages  of  rye,  potatoes,  sugarbeets, 
and  corn.  The  importance  of  sunflowers  has  increased  dramatically 
luring  the  1970's.  Between  1977  and  1970,  sunflower  production  in 
North  Dakota  increased  by  more  than  50  percent.  In  the  Devils  Lake 
basin,  sunflowers  have  became  the  third  leading  crop,  accounting  for 
percent  of  the  total  harvested  acreage. 


■  rop  patterns  within  the  basin  floodplain  are  similar  to  those 
throughout  the  basin.  Major  crops  are  small  gralr.3,  sunflowers, 
potatoes,  corn,  soybeans,  and  sugarbeets. 


Tab ie  2  -  1970  Crop  Statistics,  Devils  Lake  Sasln 


Crop 

S-  L— _ r.  s'r  .  _ 

Harvested 

Acres 

Yield  Per 
Acre 

Total 

Production 

Wheat 

617,100 

30.9  bushels 

19,068,390 

Bar  ley 

284,450 

42.5  bushels 

12,089,125 

Sun  flowers 

94,470 

1,313  pounds 

K) 

o 

X 

o 

Hay 

85,680 

2.0  tons 

171,360 

.hr  Gulf  South  Research  Institute. 


MANUFACTURING 


There  are  55  manufacturing  establishments  In  the  Devils  Lake  basin, 
2 9  of  of  them  in  the  city  of  Devils  Lake.  More  than  30  percent  of 
the  manufacturers  are  related  directly  to  agriculture.  The 
remainder  of  the  manufacturers  are  a  diversified  industrial  mix  and 
account  for  about  6  peroent  of  the  basin's  manufacturing  employment. 
The  manufacturing  establishments  are  grouped  in  table  3  according  to 
their  Standard  Industrial  Code  (SIC)  numbers. 
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Table  3  -  Manufacturing  Establ ishments .  Devils  Lake  Basin 


SIC 
14 
1  7 

:o 

24 

27 

29 

30 
32 
34 
37 
39 
42 
30 
51 
54 
76 

TOTAL 


Est imated 

_ Description _ Employment 

Mining  of  Nonmetsllic  Mineral*  27 

Construction-Special  Trade  Contractors  18 

Food  and  Kindred  Products  80 

Lumber  and  Wood  Products  9 

Printing  and  Publishing  95 

Petroleum  Refining  and  Related  Industries  20 

Rubber  and  Plastics  Products  20 

Stone,  Clay,  Class,  and  Concrete  Products  60 

Fabricated  Metal  Products  9 

Transportation  Equipment  9 

Miscellaneous  Manufacturing  Industries  150 

Motor  Freight  Transportation/Warehousing  45 

Wholesale  Trade-Durable  Goods  9 

Wholesale  Trade-Nondurable  Goods  54 

Food  Stores  70 

Miscellaneous  Repair  Service*  18 

_ _ 693. . 


IV’  -  W79  Directory  of  Norm  Dakota  Manufacturing. 


TRADE 


Tn  1977,  total  trade  receipts  for  the  Devils  Lake  basin  exceeded  $240 
million  (expressed  In  1979  dollars).  Approximately  65  percent  (or 
$156.6  million)  of  the  receipts  were  In  wholesale  trade.  Retail 
trade  and  selected  service  receipts  were  $83.5  mtllion  and  $7.9 
million,  respectively,  In  1977. 

CULTURAL  RESOURCES 


In  compliance  with  Section  106  of  the  National  Historic  Preservation 
Act  of  1966,  the  National  Register  of  Historic  Places  has  been 
consulted.  As  of  May  1 8 ,  1983,  the  study  area  had  no  sites  on  the 
National  Register.  Initial  project  coordination  and  report  reviews 
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nave  been  coordinated  with  the  North  Dakota  State  Historic 


Preservation  Officer  and  the  National  Park  Service. 


During  September  1 99 1 ,  a  cultural  resources  literature  and  records 
search  and  review  plus  a  field  reconna  Issance  survey  of  the  Devils 
Lake  project  area  were  conducted.  No  historic  or  prehistoric  sites 
were  recorded  In  the  project  area.  However,  there  Is  a  high 
potential  for  sites  In  the  surrounding  area.  At  lea3t  15  prehistoric 
burial  mounds,  2  prehistoric  occupation  sites,  and  5  historic 
cultural  resource  sites  are  close  to  the  project  area.  Fluctuating 
lake  levels  affect  the  location  and  probability  of  identifying  sites. 


Appendix  0  has  additional  Information  on  cultural  resources. 


DEVELOPMENT  AND  ITS  RELATIONSHIP  TO  LAKE  LEVELS 


Ea-ly  fur  trade  activities  In  the  Devils  Lake  area  are  sketchy. 
Howeve”,  sometime  between  1 d  1 7  and  1327,  trader  Robert  Dickson,  In  an 
agreement  with  the  Hudson  Bay  Company,  established  a  post  at  Devils 
Lake.  The  post  was  on  Graham's  Island,  almost  10  miles  west  and 
slightly  north  of  tne  city  of  Devils  Lake.  At  an  undetermined  date, 
possible  In  the  l820's,  an  American  Fur  Company  post,  Fort  Rice,  may 


have  been  established  on  the  site  where  Fort  Totten  was  built  in 


Fort  Totten  w-,»  established  on  July  17,  1867,  on  the  south  shore  of 
the  West  Fay  of  Devils  Lake.  This  site  is  about  10  miles  south  of 
the  city  of  Devils  Lake.  The  fort  was  one  In  a  series  of  military 
outposts  designed  to  proteot  the  overland  route  from  St.  Paul  to  the 
gold  fields  of  Montana  and  Idaho.  It  was  also  intended  to  proteot 
settlers  moving  into  the  area  and  to  serve  as  a  control  point  for  the 
Indian  Reservation  established  earlier  that  year.  Fort  Totten 
remained  a  military  post  until  1890  whan  it  became  an  industrial 


school  for  Indians. 
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At  the  time  the  Devils  Lake  area  officially  opened  for  settlement  in 
1883,  about  15,000  aores  were  being  cultivated  by  3,000  squatters. 
The  first  squatters  were  former  military  personnel  from  Fort  Totten 
who  began  developing  tracts  on  Graham's  Island  in  i860. 

Lieutenant  Heber  M.  Creel,  a  topographic  engineer  at  Fort  Totten, 
resigned  his  position  in  1882  and  squatted  on  land  then  on  the  north 
shore  of  Devils  Lake.  The  lake  was  at  about  elevation  1435,  or  7 
feet  above  its  present  elevation.  Creel  surveyed  a  townsite  and 
named  it  Creelsburg.  A  post  office  was  established  there,  and  in 
1883  the  name  was  changed  to  Creel  City.  In  1884,  the  village  was 
incorporated  and  the  name  changed  to  Devils  Lake. 

Devils  Lake  became  a  major  commercial  trading  center  for  the  region 
and  has  maintained  its  role  to  the  present.  The  city's  early  success 
resulted  from  its  association  with  the  steamboat  shipping  Industry 
and  with  the  delayed  westward  railroad  construction  that  allowed  the 
community  to  be  the  railhead  for  3  years.  Steamboat  navigation  began 
in  1883  but  ended  in  1 909  because  of  the  steady  decline  in  lake 
levels  and  because  a  rail  line  to  Mlnnewauken  was  completed  (a 
village  on  the  west  end  of  the  lake).  By  1910,  construction  of  the 
five  rail  lines  serving  the  Devils  Lake  area  was  complete. 


The  city  of  Devils  Lake  remains  a  minor  railroad  hub  and  the  leading 
commercial  center  in  a  predominantly  agricultural  area. 
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Hide  fluctuations  in  the  water  level  of  Devils  Lake  have  affected 
conditions  in  the  aubbasin  for  several  thousand  years  and  will 
probably  continue  to  do  so.  Fluctuating  lake  levels  in  prehistoric 
times  affected  game  habitat  and  water  quality  in  the  lake.  These 
fluctuations  resulted  in  significant  changes  in  patterns  of  Indian 
settlement,  hunting,  and  fishing.  Cultural  artlfaots  in  beach 
strands  at  different  elevations  provide  evidenoe  of  these  ohanges. 

In  the  late  l800's  and  early  1900's  when  early  Euro-American 
settlement  took  place,  lake  levels  were  relatively  high.  Railroads, 
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roads,  and  development  were  constructed  at  higher  elevations. 
Steamboat  transportation  was  feasible.  The  good  water  quality 
associated  with  the  high  water  levels  encouraged  the  development  of 
recreational  facilities. 

By  1940,  the  steadily  declining  water  levels  had  destroyed  the 
steamboat  industry  and  Increased  the  salinity  of  the  lake  to  the 
point  where  sport  fishing,  boating,  and  other  water-related 
recreational  opportunities  were  gone.  The  declining  water  levels 
alsc  exposed  large,  flat  areas  of  lakebed  adjacent  to  the  city  of 
Devils  Lake.  The  city  had  developed  as  a  transfer  point  between 
steamboat  and  railroad  transportation;  however,  by  1940  It  was 
landlocked.  Water  planning  work,  such  as  the  Garrison  Diversion  Unit 
studies,  addressed  the  problem  of  low  water  level  and  poor  water 
quality  up  to  the  1960's  and  early  1970’s. 

Since  1940,  the  water  level  of  the  lake  has  risen  In  a  sawtoothed 
fashion.  The  water  quality  of  the  lake  has  improved  substantially, 
and  sport  fishing  and  other  recreational  water  activities  are  once 
again  popular.  However,  the  rising  level  Is  beginning  to  threaten 
the  substantial  amount  of  development  constructed  on  the  dry  lakebed 
during  the  earlier  low  water  period.  In  the  spring  of  1979,  Landfill 
Road  (Dump  Road)  had  to  be  raised  to  protect  the  city  sewage  lagoons 
from  damage.  By  the  summer  of  1903,  the  lake  level  had  reached 
elevation  1428  feet  msl  -  the  highest  level  in  about  100  years. 

RECREATIONAL  RESOURCES 

The  Devils  Lake  basin  Is  one  of  the  major  recreation  areas  In  North 
Dakota.  Hunting  is  vary  popular.  Upland  game  is  Halted  because  of 
lack  of  habitat,  but  the  numerous  wetlands  and  shallow  lakes  provide 
excellent  habitat  for  migratory  waterfowl.  The  area  Is  known 
nationwide  for  goose  hunting. 
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Devils  Lake  provides  boating,  water-skiing,  picnicking,  and  ceaplng 
opportunities.  Fishing  Is  very  good  In  the  lake:  48  percent  of  the 
1974-1975  State  pike  harvest  was  frost  the  lake. 

Several  parks  and  other  recreational  facilities  are  in  the  Immediate 
area  of  the  city  of  Devils  Lake.  These  facilities  offer 
opportunities  for  swimming,  picnicking,  lee  skating,  fishing,  tennis, 
and  other  activities. 

More  detailed  recreation  Information  Is  In  appendix  G. 


FUTURE  CONDITIONS 


The  future  condition  of  the  oity  will  continue  to  depend  on  the  lake 
level.  It  is  very  probable  that,  over  the  long  tern,  the  lake  level 
will  continue  to  fluctuate. 

If  a  project  ia  not  conatructed,  the  fora er  lakebed  area  will 
probably  flood  again.  Thia  flooding  would  result  in  substantial 
econoaic  losses  and  would  disrupt  local  and  regional  road,  sewer, 
telephone,  and  electric  services.  Loss  of  the  city's  sewage 
treataent  plant  would  have  env ironaenta 1  and  health  iapaots. 
Economic  and  social  iapacts  associated  with  flooding  of  the  foraer 
lakebed  could  significantly  retard  future  growth. 

If  a  project  is  constructed,  there  would  be  no  flood-induced 
disruption  to  the  eaonoay  or  to  utility  services  unless  the  lake 
level  exceeds  the  design  water  surface  level  for  the  project. 

THE  PROBLEM 

A  nuaber  of  water  resource  probleas  in  the  Devils  Lake  basin  were 
discussed  in  the  initial  correspondence  and  coordination  aeetings 
with  looal  lnteresta  and  other  publio  agencies  (see  appendix  H). 
These  probleas  include  wetland  drainage  and  its  effects  on 
agricultural  production,  wildlife  habitat,  and  storage  of 
floodwaters;  the  water  quality  of  Devils  Lake  and  its  relation  to  the 
water  level  of  the  lake,  to  discharge  froa  the  olty's  sewage  lagoons, 
and  to  stora-water  holding  pends;  the  potentlsl  effects  of  spreading 
the  effluent  froa  the  sewage  lagoons  on  land;  and  the  flooding  oaused 
by  the  rising  water  level  in  Devils  Lake.  The  flooding  problea 
associated  with  the  increasing  lake  level  has  been  divided  into  two 
coaponents:  (1)  the  taaediate  flood  threat  to  the  oity  of  Devils 
Lake  and  (2)  the  flood  threat  to  other  cities  in  the  subbasin,  Fort 
Totten  Indian  Reservation,  Caap  Orafton,  agricultural  production, 
roads,  and  utilities. 
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This  Section  2 05  detailed  project  report  addresses  only  the  immediate 
threat  of  flooding  to  the  city  of  Devils  Lake.  All  of  the  other 
problems  are  beyond  the  scope  of  the  budget  and  schedule  for  a 
Section  205  study. 

PAST  WATER  LEVELS 

According  to  the  accounts  of  early  travelers  to  the  area,  the 
elevation  of  Devils  Lake  was  about  1 4*l6  feet  msl  in  1830.  After  this 
date,  the  elevation  of  the  lake  fell  in  an  irregular  pattern  until  it 
reaened  a  low  of  1402  feet  msl  in  1940.  After  1940,  the  lake  began 
to  rise  and  reached  elevation  1428  feet  in  1983.  Figure  3  is  a  stage 
hydrograph  for  the  lake.  Figure  4  shows  the  approximate  shoreline  of 
the  lake  in  1882,  1928,  and  1942. 

Inspection  of  the  stage  hydrograph  indicates  that  the  period  of 
record  is  too  short  to  show  any  clear  pattern  of  variation  in  lake 
levels.  However,  archaeological  and  sedimentologlcal  investigations 
provide  some  additional  Insight.  Beach  strands  and  cultural 
artifacts  show  that  the  lake  elevation  has  changed  significantly  in 
the  last  2,000  years.  The  land  surface  in  the  area  shows  evidence  of 
being  smoothed  by  sedimentation  and  wave  action  when  Devils  Lake  was 
at  an  elevation  much  higher  than  it  is  now.  The  lake  level  has 
probably  been  up  between  elevations  1440  and  1453  fwt  msl  and  down 
to  nearly  dry  several  times  during  this  period. 

Some  of  the  artifacts  associated  with  the  high  lake  levels  are  being 
analyzed  to  help  estimate  some  of  the  dates  of  the  high  water  levels. 
The  cultural  resource  seotlons  of  the  environmental  assessment 
contain  additional  information  on  archaeological  investigations. 
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YEAR 


Edward  Callander's  1968  dissertation,  "The  Postglacial  Sedimentology 
of  Devils  Lake,  North  Dakota"  (University  of  North  Dakota)  discusses 
the  postglacial  sedimentology  of  Devils  Lake.  Callender  constructs  a 
lacustrine  chronology  for  the  lake,  using  the  chealcal  contents  of 
several  core  saaples.  This  chronology  extends  6,000  years  before  the 
present  tlae  and  indicates  substantial  variation  in  lake  levels.  The 
chronology  does  not  directly  relate  to  lake  level  elevations  in  feet 
above  mean  sea  level.  However,  soae  of  the  layers  of  sediment  would 
be  typical  of  the  fresh  water  conditions  expected  with  a  lake  outlet. 
Such  conditions  require  a  lake  elevation  of  about  1455  to  1460,  given 
today's  topography.  Other  layers  would  be  typical  of  dry  conditions. 

Callender  concludes  that  "the  level  of  Devils  Lake  has  fluctuated 
considerably  during  the  past  6,500  years.  Significantly  higher  lake 
levels  occurred  around  4,300;  3,500;  2,300;  1,250;  1,000;  750;  and 
250  years  ago.  Host  of  these  dates  coincide  with  periods  of  cooler, 
wetter  climate  in  the  Northern  Hemisphere.  Significantly  lower  lake 
levels  occurred  around  6,000;  4,000;  3,000;  and  500  years  ago  which 
coincide  with  periods  of  warmer,  drier  climate  in  the  Northern 
Hemisphere. " 

Saul  Aronow's  1957  dissertation,  "Problems  in  Late  Pleistocene  and 
Recent  History  of  the  Devils  Lake  Region,  North  Dakota"  (University 
of  Wisconsin),  develops  a  chronology  of  lake-level  fluctuations  in 
the  Devils  Lake  basin.  This  ohronology  is  based  on  buried  soils 
lnterstratifled  with  beaoh  sand  and  gravel,  bison  skulls,  and  rooted 
stumps  of  bur  oak  submerged  in  Stump  Lake.  His  chronology  also 
indicates  substantial  variations  in  lake  levels  over  the  last  several 
thousand  years. 

BHBROSNCr  ACTIONS 

As  an  emergency  measure  in  the  spring  of  1979,  the  Corps  of 
Engineers,  in  cooperation  with  the  State  Veter  Commission  and  the 
city  of  Devils  Lake,  raised  the  "Dump  Road”  (Landfill  Road).  This 
road  lies  between  the  head  of  Creel  Bay  and  the  oity’s  sanitary 


sewage  lagoons,  the  crest  of  the  road  was  raised  to  about  elevation 
1431  feet  msl.  Allowing  2  to  3  feet  of  freeboard  for  waves  and 
increased  water  levels  due  to  wind,  the  emergency  raise  would  protect 
the  lagoons  and  the  southwest  side  of  the  city  from  water  levels  up 
to  about  1429  feet  asl.  Temporary  pumps  handle  the  interior  drainage 
when  the  lake  elevation  precludes  gravity  flow. 

PUNNING  OBJECTIVES 

According  to  Federal  guidelines,  national  economic  development  (NED) 
Is  the  national  planning  goal  for  water  resource  projects.  Regional 
development  (RD),  other  social  effects  (OSE),  and  environmental 
quality  (EQ)  are  also  important  considerations.  Objectives  Including 
NED,  EQ,  RD,  and  OSE  have  been  established  to  evaluate  the 
alternative  plans  from  the  national  perspective. 

Additional  objectives  reflecting  local  considerations  were  developed 
after  an  examination  of  the  existing  conditions  in  the  study  area,  of 
the  most  probable  future  condition  if  no  Federal  action  is  taken,  and 
or  the  study  area's  problems,  needs,  and  opportunities.  These  local 
objectives  are:  (1)  to  contribute  to  the  economic  health  of  the  city 
of  Devils  Lake  by  reducing  the  flood  threat  during  the  period  from 
1984  to  2084  and  (2)  to  contribute  to  the  health  and  sense  of 
security  of  local  residents  and  business  interests  by  reducing  the 
flood  threat  during  the  period  from  1984  to  2084. 

ALTERNATIVE  PLANS 

Several  plans  were  considered  in  the  early  stages  of  planning  and 
rejected.  The  reoonnaissanoe  report  considered  seven  channels  that 
would  divert  water  from  Devils  Lake  to  the  Sheyenne  River.  These 
plans  were  very  expensive,  ranging  in  cost  from  $6,000,000  to 
$14,000,000.  Each  would  require  a  complete  economic,  environmental, 
and  engineering  analysis  for  the  entire  Devils  Lake  basin.  The  scale 
of  these  alternatives  would  require  a  oongressionally  authorised 
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study  and  possibly  15  to  20  years  to  implement.  Because  the  flood 
threat  to  the  city  appears  to  be  imminent,  the  diversion  channel 
alternatives  were  rejected  for  this  study. 

The  reconnaissance  report  also  considered  a  relief  channel  from 
Devils  Lake  to  Stump  Lake  without  provision  for  transfer  of  water  to 
the  Sheyenne  River.  Stump  Lake  could  store  about  170,000  acre-feet 
of  water  if  its  level  were  raised  from  1410  to  1430  feet  msl.  By 
using  this  Stump  Lake  storage,  the  elevation  of  Devils  Lake  could  be 
lowered  about  3  feet  from  1433  to  1430  feet  msl.  Thereafter,  since 
Devils  Lake  and  its  connected  waters  have  about  five  times  the 
storage  capacity  of  Stump  Lake,  a  raise  to  elevation  1435  feet  msl  on 
Devils  Lake  could  only  be  reduced  to  1434.2  by  using  Stump  Lake 
storage.  If  Stump  Lake  were  used  for  storage  above  elevation  1430 
feet  msl,  then  additional  right-of-way  would  have  to  be  purchased 
around  Stump  Lake.  Natural  overflow  to  Stump  Lake  would  not  occur 
until  Devils  Lake  reached  about  elevation  1449  feet  msl.  This  plan 
would  cost  more  than  $5,000,000.  This  relief  channel  plan  was 
rejected  because  of  its  high  cost  and  limited  effectiveness. 

The  reconnaissance  report  recommended  raising  about  1  mile  of 
Landfill  Road  and  1.5  miles  of  State  Highway  19  to  elevation  1445 
feet  msl.  This  action  would  meet  the  immediate  need  to  protect  the 
city  of  Devils  Lake  from  the  rising  lake  level.  This  plan  also 
Included  a  pumping  station  or  facilities  for  emergency  pumps.  The 
plan  was  rejected  for  further  study  because  detailed  topographic 
mapping  showed  that  a  flood  barrier  could  be  constructed  across  the 
head  of  Creel  Bay  more  economically  by  moving  the  alignment  of  the 
embankment  about  1,700  feet  west  of  Landfill  Road. 

Structural  and  nonstruotural  plans  were  developed  and  analyzed  that 
would  provide  protection  to  water  surfaoe  elevations  of  1435  (plan 
A),  1440  (plan  B),  1445  (plan  C),  and  1450  (plan  D)  feet  msl.  Plan  A 
would  allow  the  lake  to  rise  only  about  7  feet  before  the  design 
surface  elevation  would  be  reached.  This  plsn  was  selected  as  a 
minimum-scale  alternative.  Plan  D  would  allow  the  lake  to  rise  about 
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22  feet  and  was  chosen  as  a  max imum-sca le  alternative.  The  plans 
were  developed  in  sufficient  detail  so  that  they  could  be  evaluated 
according  to  their  fulfillment  of  the  planning  objectives  and  so  that 
the  best  plan  could  be  selected. 

The  common  characteristics  of  each  plan  are  described  first,  and  then 
each  plan  is  described  in  more  detail.  The  engineering,  economic, 
and  environmental  information  in  this  section  of  the  report  is 
preliminary.  The  selected  plan  is  refined  and  analyzed  in  more 
detail  in  the  detailed  description  of  the  selected  plan. 

ECONOMIC  FEASIBILITY 


Since  the  cause  of  the  fluctuating  lake  levels  is  not  well  understood 
and  since  the  period  of  record  for  meteorological  and  hydrological 
data  is  very  limited  compared  to  the  length  of  the  trends  for 
changing  lake  levels,  a  stage/frequency  relationship  could  not  be 
developed.  This  inability  to  develop  a  stage /frequency  relationship 
is  discussed  in  detail  in  appendix  D.  Because  this  relationship 
could  not  be  developed,  the  traditional  benefit/cost  ratio  analysis 
that  draws  upon  discharge  or  stage  frequency-damage  relationships  was 
not  possible. 

There  is  no  certainty  that  the  lake  will  continue  to  rise.  However, 
It  was  at  much  higher  elevations  in  the  early  1800's  and  at  several 
times  in  the  geologic  past.  The  standard  project  flood  Inflow  tu  the 
lake  (a  flood  based  on  the  maximum  probable  precipitation  in  the 
watershed)  would  cause  the  lake  to  rise  about  18  feet  above  its 
present  elevation  (see  appendix  D).  Since  the  economic  damages  that 
would  result  from  higher  lake  levels  are  significantly  greater  than 
the  cost  of  constructing  flood  control  measures  to  these  levels,  it 
appears  prudent  to  construct  these  measures. 

In  order  to  better  understand  the  economic  feasibility  of 
implementing  flood  oontrol  measures,  economic  data  was  collected  and 
analyzed  in  terms  of  three  scenarios  for  future  lake  levels.  The 
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economic  data  is  an  inventory  of  all  proparty  from  alevation  1426  to 
1USS  feet  bsI  In  or  laaadlataly  adjacent  to  the  city  of  Davila  Lake. 
The  flood  daaages  that  would  result  froa  each  scenario  were 
calculated.  The  annualized  daaages  were  then  used  to  calculate  the 
benefit-cost  (B/C)  ratio. 

With  a  traditional  flood  control  project,  the  level  of  protection 
provided  by  the  100-year  project  could  be  estlaated,  and  a  100-year 
floodplain  and  SOO-year  floodway  could  be  established.  However,  the 
lack  of  a  stage- frequency  relationship  prevents  definition  of  a 
floodplain  or  floodway  for  this  project. 

Since  the  level  of  protection  provided  by  the  project  cannot  be 
identified,  it  would  be  prudent  to  aanage  the  area  threatened  by  the 
rising  lake  level  to  avoid  endangering  additional  developaent.  Proa 
the  Federal  perspective,  this  aanageaent  program  would  Halt  the  risk 
to  the  Federal  lnvestaent  in  private  and  public  developaent  In  the 
threatened  area.  This  prograa  would  also  be  consistent  with  the 
principle  that  developaent  In  an  area  that  faces  a  risk  from 
inundation  should  not  be  encouraged  by  any  Federal  action.  The 
management  program  could  be  developed  by  local  Interests  In  close 
coordination  with  the  North  Dakota  State  Water  Commission,  the 
Federal  Emergency  Management  Agency,  and  the  Corps  of  Engineers.  No 
benefits  for  future  developaent  were  computed  because  the  land 
aanageaent  plan  would  regulate  future  developaent.  Appendix  A 
contains  the  economic  analysis. 

COSTS 

Preliminary  plan  layouts  and  detailed  cost  estimates  were  prepared 
for  the  structural  plans  that  would  provide  protection  to  water 
surface  elevations  of  1435,  1440,  and  1445  feet  asl.  The  cost 
estiaates  are  in  appendix  B.  The  cost  for  a  struoture  that  would 
protect  to  1450  feet  asl  was  extrapolated  froa  a  curve  of  ooat  versus 
water  surface  elevation  prepared  froa  the  1435,  1440,  and  1445 
elevation  data.  These  data  are  shown  on  figure  9. 
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The  coat  of  the  nonstructural  evacuation  plan  for  each  water  surface 
design  elevation  was  determined  using  the  total  market  value  of  the 
property  that  would  have  to  be  acquired.  A  public  agency  would 
acquire  all  property  with  a  first-floor  elevation  at  or  below  the 
plan  elevation.  Property  owners  would  then  have  the  option  of 
repurchasing  and  salvaging  their  property.  The  inventory  of 
property  used  for  the  economic  analysis  was  used  as  the  source  of 
market  values. 

HYDROLOGY 


Devils  Lake  is  In  the  Devils  Lake  subbasin  of  the  larger  Red  River  of 
the  North  basin.  Figure  5  shows  the  location  of  these  drainage 
areas.  The  Devils  Lake  basin  includes  about  3,580  square  miles.  The 
natural  drainage  system  has  a  large  number  of  wetlands,  streams,  and 
coulees.  There  are  many  shallow  lakes,  some  of  which  are 
Interconnected.  In  general,  most  of  the  surface  water  drauis  from 
north  to  south  In  eight  watersheds.  A  ninth  watershed  that  drains 
from  south  to  north  lies  along  the  south  shore  of  Devils  Lake.  Most 
of  the  water  eventually  flows  into  Devils  or  Stump  Lakes.  The  Devils 
Lake  basin  has  no  outlet  until  it  reaches  a  water  surface  elevation 
of  about  1457  feet  (about  29  feet  above  the  present  level  of  Devils 
Lake).  At  about  elevation  1450  feet  asl,  water  would  flow  through 
the  chain  of  lakes  from  west  to  east  from  West  Bay  of  Devils  Lake  to 
Stump  Lake.  At  about  elevation  1457  feet  msl,  the  water  would  flow 
from  the  southwest  corner  of  Stump  Lake  down  Tolna  Coulee  to  the 
Sheyenne  River.  Figure  6  shows  the  Devils  Lake  chain  of  lakes.  The 
natural  drainage  system  has  limited  capacity  and  has  been 
supplemented  by  channels  and  ditches  for  agricultural  drainage. 

Precipitation  data  from  1870  to  the  present  and  temperature  data  from 
1905  to  the  present  are  available.  Evaporation  data  from  1930  to  the 
present  and  stage  data  from  1901  to  the  present  are  also  available. 
U.S.  Geological  Survey  (USGS)  gaging  stations  are  available  on  five 
coulees  that  represent  a  contributing  drainage  area  of  2,879  square 
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■ilea  (out  of  the  total  subbasin  area  of  3.580  square  miles). 
Records  date  back  to  1950  for  one  ooulee,  to  1958  for  two  coulees,  to 
1975  for  one  coulee,  and  to  1979  for  another.  Because  of  the  limited 
streamflow  data,  the  hydrologic  budget  equation  was  used  to  oalculate 
monthly  inflow  values.  USGS  information  indicates  that  groundwater 
flow  was  not  significant. 

Several  methods  were  considered  for  estimating  future  Devils  Lake 
water  levels.  Attempts  were  made  to  estimate  the  likelihood  of 
future  lake  levels  using  the  HEC-4  computer  model  and  a  statistical 
analysis.  Because  the  HEC-4  model  gave  unrealistic  results,  it  was 
rejected.  Upon  close  examination,  the  hydrologic  and  meteorologic 
data  was  Judged  not  adequate  for  a  reliable  statistical  analysis. 
The  hydrologic  analysis  was  coordinated  with  hydrologists  at  the 
Corps  North  Central  Division  office  and  Hydrologic  Engineering  Center 
and  with  scientists  at  the  Unveraities  of  Colorado,  Minnesota,  and 
North  Dakota. 

A  probable  ma  (mum  flood  (PMF)  was  developed  for  the  Devils  Lake 
basin  from  detailed  studies  conducted  for  the  Goose,  Wild  Rice,  and 
Sheyenne  Rivers  in  North  Dakota.  The  standard  project  flood  (SPP) 
flow  to  Devils  Lake  was  estimated  at  40  peroent  of  the  PMF.  For  the 
lake's  present  elevation  of  about  1428  feet  mal,  the  SPF  inflow  would 
raise  the  lake  to  elevation  1446  feet  msl,  or  about  18  feet.  The 
spring  inflow  with  a  1-peroent  ohsnoe  of  ocourrlng  in  any  one  year 
would  raise  the  lake  to  elevation  1432.5  feet  msl,  or  about  4.5  feet 
above  the  present  level.  Appendix  D  contains  the  detailed  hydrology 
analysis. 
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INTERIOR  DRAINAGE 


<* 


The  interior  drainage  facilities  would  consist  of  a  basic  system 
needed  for  all  the  alternative  structural  plans  with  additional 
facilities  for  plan  D  to  accommodate  drainage  from  the  eastern  part 
of  the  city. 

The  interior  drainage  system  for  plans  A,  B,  C,  and  D  would  consist 
of  two  holding  ponds,  a  large  pumping  station  and  a  system  of  ditches 
and  culverts  linking  the  holding  ponds  to  the  pumping  station.  The 
north  holding  pond  would  be  combined  with  the  existing  sewage  lagoon 
effluent  holding  pond.  The  effluent  presently  meets  State  water 
quality  standards  and  is  periodically  discharged  to  the  lake.  The 
combined  storm  and  effluent  water  would  also  be  discharged  to  the 
lake  through  the  pumping  station. 

The  interior  drainage  system  for  plan  D  would  consist  of  the  basic 
system  plus  an  additional  holding  pond,  pumping  station,  and 
ditch/culvert  system.  The  interior  drainage  systems  are  shown  on 
figure  7.  Appendix  C  discusses  interior  drainage. 
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GEOTECHNICAL 


Boring  and  tasting  data  lndicata  no  geoteohnical  problems  that  would 
complicate  or  adversely  affaot  design  or  construction  of  the 
alternative  plans.  Appendix  E  discusses  the  geotechnical 
investigations  that  have  been  completed. 

The  proposed  flood  control  structures  could  be  expected  to  act  as 
flood  barriers  for  extended  periods.  Failure  of  these  structures 
could  cause  catastrophic  damages.  The  structures  would  therefore  be 
designed  in  accordance  with  dam  safety  criteria.  However,  the 
structures  would  not  oause  the  lake  to  rise  as  a  dam  would.  They 
would  instead  prevent  rising  water  levels  from  Inundating  developed 
property.  The  basic  structures  for  each  alternative  are  embankments. 

All  structural  plans  would  use  two  borrow  areas.  One  is  immediately 
south  of  the  airport  across  Trunk  Highway  19.  The  other  is  about  1 } 
miles  south  of  the  city  and  is  spoil  from  the  construction  of 
existing  storm-water  settling  pends.  Soil  from  these  sites  has  been 
tested  and  found  to  be  appropriate  fill  for  the  embankments. 

ENVIRONMENTAL  IMPACT 


A  preliminary  analysis  did  not  identify  any  significant  negative 
environmental  impacts  associated  with  the  alternative  plans. 

Constructing  an  embankment  at  the  head  or  Creel  Bay  would  have  minor 
environmental  lapaots.  The  construction  would  destroy  some  upland 
and  lowland  vegetation.  The  amount  or  lowland  vegetation  affected 
would  depend  on  the  lake  level.  This  embankment  also  would  affaot 
the  natural  appearenoe  of  the  landaoape.  For  some  people,  the 
embankment  would  adversely  affaot  the  sesthetios  of  the  area. 

Protecting  the  olty  from  water  levels  up  to  1M0  feet  sal  would 
require  embankments  west  of  the  olty  near  the  airport  and  southeast 
of  town  as  well  as  the  embankment  at  the  head  of  Creel  Bay.  These 


additional  eabankaents  would  be  constructed  in  pasture  or  grassland 
that  has  aoderate  wildlife  value.  For  aost  people,  such  additional 
eabankaents  would  have  a  alnor  adverse  effeot  on  the  aesthetloa  of 
the  area. 

Protecting  the  city  to  a  water  surface  elevation  of  1445  feet  asl 
would  require  higher  and  soaewhat  larger  eabankaents  than  the 
previous  plans.  Iapacts  would  be  slallar  to  those  for  the  previous 
plans  except  soaewhat  greater  because  of  the  Increased  size  of  the 
eabankaents. 

Protecting  the  city  to  a  water  surface  elevation  of  1450  feet  asl 
would  require  a  nearly  continuous  eabankaent  enclosing  the  south  and 
western  sides  of  the  city.  An  additional  Interior  drainage  systea 
would  also  be  needed  to  acooaaodate  store  water  froa  the  eastern  half 
of  the  city.  Iapacts  would  be  greater  for  this  plan  than  for  the 
previous  plans  beaause  of  the  additional  structures. 

Construction  of  the  eabankaents  would  destroy  soae  upland  vegetation 
that  has  aoderate  wildlife  value.  However,  after  construction  the 
eabankaents  would  be  revegetated  and  would  provide  habitat  slallar  to 
pre-project  conditions.  The  eabankaent  at  the  head  of  Creel  Bay 
would  also  destroy  soae  benthic  habitat.  However,  after  construction 
the  riprap  would  provide  habitat  of  greater  variety  than  exists  now. 
Two  saall  wetland  areas  southwest  of  the  city  would  be  affected  by 
the  1440-,  1 445-,  and  1450-foot  asl  p  ans.  The  existing  outlets  of 
these  wetlands  would  be  blocked  by  the  project,  and  new  drainage 
would  have  to  be  oonstruoted  to  prevent  flooding.  However,  oontrol 
structures  could  be  designed  to  aatch  the  elevstion  of  the  existing 
outlets  and  the  water  levels  of  the  wetlands  would  not  be  affeoted. 

Envlronaental  lapaots  associated  with  not  constructing  a  project 
could  be  substantial.  Higher  water  elevations  oould  inundate  the 
sewage  treataent  lagoon,  stora  water  facilities,  and  a  large  aaount 
of  developaent.  Raw  sewage  effluent  and  debris  froa  the  flooded  area 
oould  ocntaainate  the  lake.  Evacuation  of  all  developaent,  including 


sanitary  and  storn  sewage  facilities,  from  the  forner  lakebed  and 
relocation  to  upland  sites  would  have  limited  environmental  impacts. 
However,  evacuation  would  be  prohibitively  expensive  and  disruptive 
to  the  community. 

Several  potential  environmentally  beneficial  project  features  have 
been  identified.  Interior  drainage  ponds  north  and  south  of  the 
sewage  lagoons  and  immediately  east  of  the  embankment  at  the  head  of 
Creel  Bay  could  be  designed  and  operated  to  serve  as  wetland  areas. 
However,  sufficient  water  storage  capacity  would  have  to  be 
maintained  to  prevent  flooding  from  runoff  on  the  city  side  of  the 
embankment.  Combining  the  north  sewage  effluent  pond  with  the  storm 
water  holding  pond  could  dilute  the  effluent  and  filter  it  through  an 
enlarged  wetland.  This  process  could  benefit  the  water  quality  in 
Creel  Bay.  Spreading  the  effluent  (and  perhaps  the  storm  water  from 
the  northern  holding  pond)  on  land  has  been  proposed.  However, 
because  planning  and  funding  of  this  feature  have  not  progressed,  it 
does  not  appear  that  this  feature  could  be  implemented  in  conjunction 
with  the  flood  control  project. 

Much  of  the  recent  development  in  the  city  has  occurred  on  the  former 
lakebed.  All  alternative  would  include  a  land  management  plan.  The 
land  management  plan  discussed  in  the  economics  section  would  limit 
the  risk  of  flooding  of  future  development.  It  would  help  preserve 
wetlands  and  upland  habitat.  Executive  Order  1 1 988  on  floodplain 
management  is  supported  when  planning  efforts  proteot,  manage,  and 
enhance  or  restore  the  values  of  a  floodplain.  All  the  alternative 
plana  would  be  consistent  with  this  order. 

All  the  alternative  plans  also  would  be  consistent  with  Executive 
Order  11990,  protection  of  wetlands.  Thera  is  very  limited  potential 
that  a  project  would  lnduoe  the  drainage  of  wetlands  behind  the 
embankments  because  of  the  natural  topography  and  U.S.  Pish  and 
Wildlife  Service  wetland  easements  in  the  area.  The  design  of 
Interior  drainage  facilities  would  be  based  on  no  future  drainage  of 


wetlands  within  the  Interior  drainage  watersheds.  Wetland  drainage 
In  these  areas  Is  discouraged. 

The  bald  eagle  and  peregrine  falcon,  both  on  the  Federal  list  of 
endangered  species,  could  be  found  in  the  project  area.  However,  the 
U.S.  Fish  and  Wildlife  Service  has  concurred  with  the  St.  Paul 
District's  assessment  that  the  project  would  not  adversely  affect 
these  birds.  Letters  from  the  U.S.  Fish  and  Wildlife  Service  are  in 
appendix  I. 

The  St.  Paul  District  has  Initiated  coordination  with  the  National 
Park  Service,  State  Archaeologist,  State  Historic  Preservation 
Officer,  U.S.  Fish  and  Wildlife  Service,  Environmental  Protection 
Agency,  North  Dakota  Game  and  Fish  Department,  and  other  State  and 
Federal  agencies.  No  significant  impacts  or  areas  of  controversy 
have  been  Identified.  The  St.  Paul  District  has  prepared  an 
environmental  assessment  and  finding  of  no  significant  impact  for 
the  project.  These  documents  are  included  in  a  later  section  of  the 
report.  Placement  of  fill  in  the  waters  of  Devils  Lake  is  authorized 
under  the  Corps  of  Engineers  nationwide  permit  program  because  Devils 
Lake  is  a  closed  basin  and  is  not  tributary  to  interstate  waters. 
Special  conditions  of  the  permit  will  be  met  and  best  management 
practice  followed  as  far  as  practical.  In  accordance  with  the 
special  permit,  neither  a  Section  *<0*J(b)O)  evaluation  nor  a  Section 
>(0i  water  quality  certification  is  needed  to  comply  with  the 
provisions  of  the  Clean  Water  Act. 

The  selected  plan's  compliance  and  consistency  with  executive  orders, 
laws,  and  regulations  are  discussed  in  later  sections  of  this  report. 
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SOCIAL  IMPACT 


Construction  equipment  would  generate  some  noise.  However,  no 
sensitive  receptors  (such  as  hospitals  or  schools)  are  in  the 
affected  area,  and  the  construction  noise  would  have  no  appreciable 
effect.  Some  loss  of  aesthetic  values  could  result  because  the 
proposed  embankments  would  affect  views  of  the  lake  and  views  from 
the  shore  to  the  upland  areas.  Construction  activity  could 
temporarily  disrupt  traffic.  However,  traffic  patterns  would  not  be 
significantly  affected. 

Substantial  benefits  to  the  public  health  and  safety  would  result 
from  protecting  the  local  sewage,  storm  water,  transportation,  and 
electric  utilities.  There  might  be  a  minor  negative  effect  on  social 
cohesion  because  the  project  would  protect  the  city  but  not  other 
areas  adjacent  to  the  lake.  Areas  without  protection  (such  as  Camp 
Grafton,  Fort  Totten  Indian  Reservation,  and  the  city  of 
Minnewauken),  might  feel  that  they  were  unfairly  treated. 

The  project  would  have  substantial  beneficial  effects  on  community 
growth  and  development:  (1)  protection  of  vital  city  facilities 
(sewage,  storm -water,  transportation,  and  electric  facilities),  (2) 
protection  of  a  major  reoreation  and  economic  resource  (the  lake 
would  not  be  contaminated  with  raw  sewage  and  debris  from  inundation 
of  development),  (3)  minor  economic  stimulus  during  construction,  and 
(4)  protection  of  development  in  the  floodplain. 

None  of  the  structural  alternative  plans  would  require  the  relocation 
of  homes  or  businesses.  All  of  the  nonstruotural  evacuation  plans 
would  require  a  substantial  amount  of  relocation  efforts  and  would  be 
disruptive  to  the  ooaaunlty. 

All  of  the  plans  would  provide  a  net  social  benefit.  The  plans  with 
higher  levels  of  protection  would  reduce  the  risk  of  flooding  the 
aost  and  would  have  the  greatest  net  social  benefit. 
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There  is  a  potential  for  controversy  around  several  issues:  (1) 
allocation  of  local  costs,  (2)  the  limited  area  protected,  and  (3) 
the  land  management  plan. 

CULTURAL  RESOURCES 


If  no  project  is  Implemented,  cultural  resources  would  potentially  be 
affected  as  the  lake  level  rises  and  falls.  Prehistoric  and  historic 
sites  could  be  flooded  and  might  be  burled  or  sustain  Increasing 
amounts  of  erosion  and  weathering.  With  repeated  occurrences  of  the 
lake  level  rising  and  falling,  historic  structures  would  continue  to 
be  inundated,  causing  structures  to  sustain  structural  damage  from 
flooding  and  erosion.  Additionally,  the  architectural,  historic,  and 
scientific  Integrity  of  the  buildings  would  be  Increasingly 
Jeopardized. 

The  ponding  and  embankment  areas  for  plans  A  and  B  were  surveyed 
during  September  1981.  Ho  recorded  cultural  resource  sites  are 
within  the  ponding  and  embankment  areas  that  these  plans  would 
affect. 

The  ponding  areas  and  part  of  the  embankment  areas  for  plans  C  and  D 
would  provide  protection  to  elevation  14115  and  were  surveyed  in 
September  1981.  These  plans  were  not  completely  surveyed  because 
they  were  not  developed  until  after  the  Initial  survey  was  completed. 
If  one  of  these  plans  Is  selected,  a  complete  cultural  resource 
survey  will  be  conducted  for  It. 

The  borrow  areas  for  the  selected  plan  will  be  surveyed  by  a  St.  Paul 
District  archeologist  In  June  1983.  If  this  new  survey  discovers  any 
significant  cultural  resouroe  sites,  the  St.  Paul  Distrlot  will 
develop  a  mitigation  plan  with  the  help  of  the  North  Dakota  State 
Historic  Preservation  Officer. 

All  plans  have  a  high  potential  for  affeoting  cultural  resouroe 
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sites.  The  St.  Paul  District  will  conduct  additional  coordination 
with  the  North  Dakota  State  Historic  Preservation  Officer  after 

selection  of  a  recommended  plan  to  determine  the  need  to  monitor 
construction  activities. 

RECREATION 

Appendix  F  discusses  recreation  concepts  and  potential  recreation 
development  associated  with  the  project.  Because  the  project  would 
not  significantly  affect  the  water  levels  In  the  lake,  It  therefore 
would  not  affect  the  recreational  opportunities  associated  with  the 
lake. 

The  detailed  discussion  of  the  selected  plan  section  of  the  report 
covers  the  potential  recreational  development  associated  with  the 
project. 

PLAN  A  -  PROTECTION  TO  A  HATER  ELEVATION  OF  1435 

Structural 

Plan  A  structural  would  protect  the  city  from  lake  levels  up  to  1435 
feet  msl.  A  single  embankment  1,100  feet  long  with  a  top  elevation 
of  1440  feet  msl  would  be  constructed  across  Creel  Bay  about  1,700 
feet  west  of  Landfill  Road.  All  structural  plans  would  also  Include 
the  Interior  drainage  system  dlsoussed  earlier.  Total  oost  would  be 
about  $1,600,000.  Figure  7  shows  the  plan.  Table  4  presents  the 
project  first  cost,  annual  oost,  annual  benefit,  annual  net  benefit, 
and  benefit-cost  ratio  for  each  plan. 

Nonatructural 

Plan  A  nonatructural  would  require  evacuation  of  all  buildlnga  with  a 
first-floor  elevation  of  1435  feet  msl  or  lower.  According  to  the 
Inventory  prepared  for  the  eoonoaio  analyeis,  about  $41,000  of 


residential  property,  $10,602,000  of  commercial  property  and 
$3,4414,000  of  public  property,  for  a  total  of  $14,287,000  of 
property,  would  have  to  be  acquired. 

PLAN  B  -  PROTECTION  TO  A  WATER  ELEVATION  OF  1440 

Structura 1 

Plan  B  structural  would  protect  the  city  from  lake  levels  up  to  1440 
feet  msi.  This  plan  would  require  several  structures:  (1)  a  1,700- 
foot-long,  low  embankment  Immediately  south  of  the  airport,  (2)  a 
4,000-foot-long  main  embankment  across  the  head  of  Creel  Bay,  and  (c) 
a  5,100-foot-long  embankment  south  of  the  lagoon  area.  The  structure 
wojld  have  a  top  elevation  of  1445  feet  msl.  Total  cost  would  be 
about  $2,910,000.  Figure  7  shows  the  plan.  The  detailed  discussion 
of  the  sele:ted  plan  in  this  report  has  a  revised  cost  estimate  and 
description  for  plan  B. 

Nonstructural 

Plan  B  nonstruc  tura  1  would  require  the  evacuation  of  all  buildings 
with  a  first-floor  elevation  of  1440  feet  asl  or  lower.  According  to 
the  inventory  prepared  for  the  economic  analysis,  about  $693,000  of 
residential  property,  $12,612,000  of  commercial  property,  and 
$8,333,000  of  public  property,  for  a  total  of  $21,638,000  of 
property,  would  have  to  be  acquired. 

PUN  C  -  PROTECTION  TO  A  WATER  ELEVATION  OF  1445 

Structural 

Plan  C  structural  would  protect  the  city  from  lake  levels  up  to  1445 
feet  msl.  This  plan  would  require  two  structures:  (1)  a  16,000- 
foot-long  embankment  across  the  head  of  Creel  Bay,  and  (2)  a  7, 200- 
foot- long  embankment  south  of  the  lagoon  area.  The  structure  would 


nave  a  top  elevation  of  1450  feet  asl.  Total  cost  Mould  be  about 
$5,097,000.  Figure  7  shows  the  plan. 

Nor.structural 


Plan  C  nonstruct aral  would  require  the  evacuation  of  all  buildings 
with  a  flr3t-floor  elevation  of  1445  feet  asl  or  lower.  According  to 
the  inventory  prepared  for  the  economic  analysis,  about  $3,119,000  of 
residential  property,  $15,992,000  of  commercial  property,  and 
$27,223,000  of  public  property,  for  a  total  of  $46,331,000  of 
property,  would  have  to  be  acquired. 

PLAN  D  -  PROTECTION  TO  A  NATER  ELEVATION  OF  1450 

Structural 


Plan  D  structural  would  protect  the  city  from  lake  levels  up  to  1450 
feet  msl.  This  plan  would  require  a  continuous  embankment  around  the 
west  and  south  areas  of  the  city.  This  embankment  would  have  a  top 
elevation  of  1455  fee t  msl.  Total  cost  would  be  about  $8,800,000. 

Nonatructural 


Plan  D  nonstruc tura  1  would  require  the  evacuation  of  all  buildings 
with  a  first-floor  elevation  of  1450  feet  msl  or  lower.  According  to 
the  Inventory  prepared  for  the  economic  analysis,  sbout  $6,983,000  of 
residential  property,  $19,577,000  of  commercial  property,  and 
$33,000,000  of  public  property,  for  a  total  of  $59,560,000  of 
property,  would  have  to  be  aoqulred. 

NED  PUN 

The  plan  with  the  greatest  net  national  economic  development  benefits 
Is  designated  the  NED  plan.  One  way  to  determine  the  NED  plan  is  to 
plot  the  economic  benefits  oompared  to  implementation  oosts. 
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Appendix  A  details  the  economic  benefits,  and  appendix  B  contains  the 
cost  estimates. 

The  economic  optimum  for  each  benefit-coat  aurve  ij  the  tangent  drawn 
at  a  45-degree  angle  to  either  axis.  Figure  8  plots  the  curves  and 
45-degree  tangen'-  lines  for  each  of  the  three  lake-rise  scenarios. 

Scenario  number  2  (with  the  middle  rate  of  lake  rise)  shows  that  the 
NED  plan  would  have  an  Implementation  cost  of  #3-3  million  and 
benefits  of  |9.9  million.  According  to  the  graph  of  cost  versus  lake 
elevation  shown  on  figure  9,  a  project  cost  of  $3-3  million  would 
provide  flood  protection  for  lake  elevations  up  to  about  1441.5  feet 
msl. 


Because  plan  B  would  provide  protection  most  similar  to  this 
theoretical  optimum,  this  alternative  was  designated  the  NED  plan. 

PUN  LEAST  DAMAGING  TO  THE  ENVIRONMENT 

The  plan  that  would  make  the  greatest  net  environmental  contribution 
to  the  project  area  is  designated  the  EQ  plan.  No  EQ  plan  oould  be 
developed  for  this  project  because  no  opportunities  for  clearly 
Improving  environmental  quality  would  be  related  to  or  created  by  the 
project. 

Even  though  no  EQ  plan  exists,  no  significant  loss  of  environmental 
quality  could  be  predicted  for  any  of  the  plans.  The  plans  with  a 
higher  level  of  protection  would  require  more  construction  activity 
and  would  disturb  larger  areas  of  upland  and  lowland  vegetation. 
However,  these  plana  would  also  provide  the  greatest  reduction  in  the 
threat  of  inundation  of  the  city's  sewage  treatment  facilities  and 
thus  would  reduce  ohanoes  of  contaminating  the  lake. 

Because  plan  B  provides  the  best  combination  of  these  effects,  it  was 
designated  the  least  environmentally  damaging  plan. 


BENEFIT  X  10 


8  COST  X  10 


FIGURE  9 


SELECTION  OE  THE  RECOftlENDED  PLAN 

Plan  B.  the  recommended  plan,  provides  the  best  combination  of 
economic,  environmental,  and  engineering  characteristics.  Summaries 
of  the  advantages  and  disadvantages  of  plans  A,  B,  C,  and  D  follow. 

Table  U  is  a  summary  comparison  of  the  alternative  plans. 

? .an  A  wool  i  not  provide  sufficient  flood  protection  for  the  city. 
It  would  protect  against  a  lake  rise  of  only  7  feet  above  its  present 
level.  As  shown  by  recent  history,  such  a  rise  could  occur  in  only  a 
few  years.  The  standard  project  flood  (SPF)  would  cause  the  lake 
level  to  rise  about  18  feet. 

Plan  B  is  the  NED  plan.  It  Is  an  economically  efficient  plan  because 
it  fully  exploits  the  opportunities  for  flood  control  provided  by  the 
natural  topographic  features  in  the  area.  Plan  B  requires  only  one 
main  embankment  across  a  narrow  neck  in  Creel  Bay  plus  two  relatively 
short,  low  tleback  embankments. 

Plans  C  and  D  are  considerably  more  costly  because  they  would  require 
a  nearly  continuous  ring  embankment  around  the  south  and  west  sides 
of  tne  city  plus  additional  interior  drainage  features.  The  higher 
the  design  water  surface  level,  the  less  likely  it  is  that  the  lake 
will  reach  this  level. 

In  addition,  alternative  measures  to  relisvs  flooding  in  the  entire 
Dev. Is  Lake  basin  would  probably  be  taken  before  the  lake  would  reach 
the  levels  of  protection  provided  by  plans  C  and  D.  Action  would  be 
needed  to  protect  against  substantial  damages  to  developed  property, 
farmland,  utilities,  highways,  and  railroads.  The  city  of  Devils 
Lake  would  be  isolated,  with  all  major  transportation  facilities  and 
utilities  under  water.  This  large  amount  of  potential  damages  would 
probably  provids  sufficient  reason  to  dig  an  outlet  to  stabilise  the 
lake  level. 


5  o 

10 

Q  &8<S 


I  «  +> 

3  3 

O  C  a  > 

1C  u  u 

§-  <0 
a  v. 
c  •-<  a  b 
a  o.  -o  3  ±> 
*—i  a  e 

O.  vr>  « 


c  *  O 

o  ^  « 

««  c  «  > 

.4  to  O  Dd 

i.  c  -4  a 

a  a  a  v. 

Sh,L 

8#.  TJ  3  ** 

a  c 

o  o  # 


a  c  *  ? 

to  O  Id 
c  -4  a 
a  a  v. 

H  *  L 

•"0  3g 

«  I 


88  88 

O  o  o  o  eg 

o  ^  t-  t-  o 

jf  fu 


<7*  a  ro 

in  * 


o  O  fNJ  O 

8  0  rw  o 
O  eg  nj 

o  •*  f  *4>  •" 

Sr-  f\i  in 

vO  «30  •* 


go  go 

O  O  O  CNJ 

^  *“  f  O 

mm  o\sr 
mir  f«-h 

ro  eg 

3. 


r-  O'  •-  oj  rg 
(7  00  ^  o 
O  m 


§0  O  O 

o  ©  © 

O  O  © 

CD  *-  iO  O 

m  in  rg  eg 
nD  vO  O  O 


O  ^ 

QO  rg  vO  --T 


r«-p  mr-O 
00  OK  en  in 
<\j  o  in  in 
•  •  I 


§ooo 

.888. 

§nj  en  •-  i 
<g  m  •- 
»•  lAtf 


S2SS&S2 

g-  a  8  5  « 

*S3*8 

•  -  5  5-^4  8  | 

5st5;-! 

Sc|t |1 3 

g «£  si t * 

«  ^4  C 

•  a**  5°t 

*>  «i  ,  *j  °- 
>*  a  tj  a  o  e  _ 

**  *  >  o  a  ■  5 

S  =  2 

5  "3  a.  ■  £  °  8 

4<  5  -h  «  s 

t;  C  S  -O  ■§  •  3 

«B  o  a  a  a  s 

•  2  €  2  §  **  « 

-  8 

SligSPSS 

a 5 « *  £ 

i.-s!s  . 

Ofl  f  of  }J 

«fr5!l 


o  5  £■  .  *  O 

oS l s5  Sfc 


°  -4  *5  a  ~ 

a  «  a 1  cl- 

B  3  . S5  *• 

:«*!SSg 

i;*lo55 

o  2  *  *■  s  s  8 

”3c?ls" 

O  £  ^  «  ft.  M  fe 

*  •  6  s  2  * 

jj  a  *J  T3  jc  i?  ej 

-•  4.  3  a  *  £ 

a  .  o  5  ip  l  S 

*  2  - *«5 0 2 

*  •  S  S  r  2  3!  v 


°i!!oS 

•  ►  v  o  a  c 
e  e  •  t.  -<  o 
o  a  ■o  ft  a  o 


8  |  g 
u  a  ■ 


So  £  83 

5  g  I  01  ■ 

<-i  ft  C  a  -h 

*  %5a 

a  -'S  o 
c  a  5  . 

23  §  fcg 

ag8«i 

2~S|£ 

►*3  a*  . 

2  c  * 
a  as 

S  3  c  § 

a  •o  o  3  tj 
c  a  a  H  a 

-  *  >  ■  c 
a  a  a  o 

3  ”  00 

0  8  S5,, 

2  3  3  o  2 
■  §  l  *»  g 

S  E  2  5  * 

oli^ 

c-  O  3  C 
O  2  *-  3 

5  ♦>  H  •>  ^ 

3  »  s  a 

®  4>  •  o 

o  a  *  a  4J 
o  a  a  a 
4-*  £  o  C 

2  *"sS 

5“:*s 

|  >  0  c  2 

22S-2 

f  3  i  si  S 

an  w 

»  c  So  i>  w  S 

|!?Ss5 
* j I?  8  9 

s|a  8"1 

s"!i*c 

3  o  x:  5  c 

iagi-jH 

a  44  o£> 

a  >  3  e  **-o 
53  8355 

44 

0  S  •  gx;  g 

•  ttoHd  « 

c  “  e  a  »4  a 
o  c  31.  >  < 


a.  «j  o 

i  i  ’Ssl*  i  -. 

1  Ss  -1!,!  I  i 


•  « 
00  •"  XI 
CO  —  4-> 

-  ?  c 
- 

S  %-  •) 

w  O  9i 

a- | 

■o  5  2 

a  g  a 

3  £  • 

gi  O  Jj 

a  a 
a  X  b 
o  a 


5  “  c 
*j  u  o 

o'"-* 

0)  >>  4J 

44  4->  <0 

O  -H  3 

t  H  H 
Q.  flj  « 

W  3  > 

a  «> 

S  44  <v 
as  *8  ^ 
,-**»- 
^  c  C 

a8l 

U- 

V  D 

O 

c 

«>  w  • 

>  ^ 

*  c  a 
*>0  3 
3  H  ® 

O  ^  * 
«4H 

X  2  ■ 

w  ~  1- 
c  o£ 

5°  a 

■J  *  § 

!5- 
c  -o  c 

*4  a  Tj 
"  .  c  ,? 
*4  —  *  ^ 
"  "  a  a 

0  •  ■  a 

o 

*  5,^.3 
^  f  c5 
■o  s  0 

44  *  a  44 
2  "  0 
S5S& 

s 

5  " 

rj  o  4-1 

2S  g 

— «  v- 


i 

L.  | 

O  j 

a  s 

2  i 


8  12  84! 


«3z 

ill 


o 

.  §  8 

€>  t-  -h 

4-»  C  4-» 

to  a  a 

t. 

aO  L, 

4J  o 

«  in  •> 

£r-^S 

© 

^  *0  -5 
c  c  « 

c  "8  3 

a  44  a 

£  8s 

2a2 
U  +> 
CO  « 

>4  9  c 
in  >»-h 

^8  a 

■D  ^  t- 

S  .3 

•O  5.  3 
Oak 
•4  E  *> 

I?" 

S.  c  « 

C  >4  C 

3^=3 

*4  a  o. 

S?fe 

a  cm  a 

i-is 
ISg 
8  8  ► 

111 


In  short,  plan  A  provides  Insufficient  protection  for  the  olty.  Plan 
B  provides  a  substantial  Increase  In  protection  at  relatively  low 
cost.  Plans  C  and  D  are  considerably  more  costly,  and  daaages 
throughout  the  basin  associated  with  such  high  lake  levels  would  be 
so  great  that  stabilizing  the  lake  level  would  probably  be  a  better 
alternative. 

Other  factors  considered  during  selection  of  plan  B  include  the 
following: 

1.  All  plans  were  formulated  for  consistency  and  coapllance  with 
envlronaental  and  other  laws,  regulations,  and  executive  orders. 
Plan  B  provides  the  best  tradeoff  between  envlronaental  benefits  and 
costs.  It  was  designated  the  least  envlronaen tally  damaging  plan. 

2.  None  of  the  plans  would  affect  any  Identified  cultural 
resources.  The  plans  with  the  higher  levels  of  protection  would 
protect  aore  potential  cultural  resource  sites;  however,  they  would 
also  require  aore  construction  activity  and  would  increase  the  chance 
of  disturbing  unidentified  sites.  Based  on  existing  data,  cultural 
resource  considerations  do  not  signlfioantly  determine  selection  of  a 
plan. 


3.  All  plans  would  have  a  net  social  benefit.  The  plans  with 
the  higher  levels  of  protection  would  offer  soaewhat  greater  net 
soalal  benefits. 

M.  The  nonstructural  evacuation  plana  are  clearly  not  econoal- 
oally  feasible  and  were  rejeoted. 

5.  If  the  lake  oontlnues  to  rise  and  if  an  outlet  la  not 
excavated,  the  eabankaenta  for  plan  B  could  be  used  as  a  base  for 
constructing  either  higher  eaergenoy  levees  or  permanent  levees.  If 
an  outlet  Is  exoavated,  implementation  of  plan  B  would  allow  the  lake 
to  be  atablllsed  at  a  higher  level.  This  higher  level  would  reduoe 
the  coat  of  the  outlet  and  would  provide  greater  benefits  for  water 
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quality,  water  supply,  and  recreation.  Plan  B  would  not  constrain 
any  future  decisions  that  nay  be  Bade. 

6.  Local  Interests  support  selection  of  plan  B. 
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DESCRIPTION  OP  THE  RECOMMENDED  PUN 


After  selection  of  plan  B  as  the  recoaaended  alternative,  the  St.  Paul 
District  conducted  more  detailed  econoalc,  environmental,  and  engineering 
analyses  of  this  plan.  The  recoaaended  plan  was  coordinated  with  the 
city  of  Devit3  Lake,  the  North  Dakota  State  Water  Commission,  the  North 
Dakota  State  Highway  Department,  the  U.S.  Fish  and  Wildlife  Service,  and 
other  agencies  and  Interests. 

The  original  plan  B  (described  In  the  previous  section  of  this  report) 
has  been  revised  to  reflect  updated  costs,  benefits,  design  reflneaents, 
and  environmental  considerations.  Figure  10  shows  the  general  features 
of  the  recoaaended  plan. 

ALIGNMENT 

The  recoaaended  plan  would  have  four  separate  flood  barriers:  the  Creel 
Bay  embankment,  the  Creel  Bay  south  tleback  embankment,  the  Creel  Bay 
north  tleback  embankment,  and  the  south  embankment.  Continuous 
stationing  for  the  embankments  was  started  at  the  east  end  of  the  south 
embankment  (station  0  ♦  00)  and  extended  through  the  north  end  of  the 
Creel  Bay  embankments  (station  212  ♦  00).  Plate  1  shows  the  general 
plan.  Plates  2  through  9  show  additional  detail. 

South  Embankment 


The  south  embankment  would  be  south  of  the  city,  just  north  of  where 
Trunk  Highway  20  and  the  abandoned  Burlington  Northern  Railroad  line  run 
immediately  adjaoent  to  each  other.  This  embankment  is  needed  to  keep 
water  in  the  main  body  of  Devils  Lake  from  flowing  up  a  valley  and  behind 
the  main  embankment  acroea  Creel  Bey.  Such  flows  would  ooour  when  lake 
stages  are  greater  than  1*35  feet  asl.  The  south  embankment  would  be 
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3,100  feet  long  and  would  vary  from  0  to  9.5  feet  high.  (The  plan  and 
profile  for  this  reach  of  the  embankment  are  ahown  on  plates  2  and  3.) 

The  south  embankment  begins  where  the  abandoned  railroad  embankment 
Intersects  with  the  natural  ground  at  elevation  1,445  feet.  For 
approximately  Its  first  1,400  feet,  the  embankment  would  be  built  on  the 
existing  abandoned  railroad  embankment.  The  measure  would  reduce  fill 
quantities  and  Impacts  on  agricultural  land.  The  embankment  would  then 
run  due  west  for  about  1,700  feet,  except  for  the  last  500  feet,  which 
would  be  bent  north  to  avoid  some  homes.  The  west  end  of  the  embankment 
would  tie  Into  high  ground  at  Trunk  Highway  20. 

The  service  road  on  the  east  side  of  the  highway  would  have  to  be  raised 
about  3  feet  where  the  embankments  would  cross  the  road.  The  road  would 
ramp  over  the  levee  and  would  match  the  existing  ground  about  200  feet 
north  and  2 00  feet  south  of  the  centerline  of  the  levee.  Fill  would  be 
placed  in  the  ditch  between  the  service  road  and  the  highway. 

After  plan  B  was  selected,  several  alternative  plans  Tor  providing  flood 
control  In  the  south  levee  area  were  identified  and  analyzed. 

Three  additional  embankment  alignments  north  of  the  original  alignment 
and  four  methods  to  handle  interior  runoff  (pumping,  fill,  an  open  ditch, 
and  an  lntercepter  sewer)  were  developed. 

An  open  ditch  would  have  been  economical,  but  would  have  drained  a  40- 
a ere  wetland.  It  was  therefore  determined  to  be  unacceptable. 

An  lnteroeptor  sewer,  fill,  or  pumping  plant  was  needed  for  three  of  the 
alignments.  However,  It  was  determined  that  the  fourth  and  seleoted 
alignment  did  not  require  any  interior  runoff  features  because  this 
alignment  is  on  the  drainage  divide  between  Creel  Bay  and  the  main  body 
of  Devils  Lake. 


The  relocated  and  refined  south  embankment  plan  costs  about  $400,000  less 
than  the  south  embankment  plan  developed  earlier.  All  of  the  buildings 
that  lie  between  the  earlier  and  revised  alignments  have  a  first-floor 
elevation  of  1,440  feet  msl  or  higher.  Since  no  future  development 
benefits  were  taken  for  any  of  the  study  area,  the  projected  economic 
benefits  for  the  south  embankment  alternatives  are  the  same.  The  revised 
south  embankment  alignment  therefore  saved  about  $400,000  without  any 
reduction  in  economic  benefits. 

C r ee 1  Bay  Embankment 

The  Creel  Bay  embankment  would  be  west  of  the  city's  sewage  lagoon,  about 
1,500  feet  west  of  Landfill  Road  (also  referred  to  as  Dump  Road).  As 
Creel  Bay  approaches  the  city  from  the  west,  it  narrows  to  a  neck  and 
then  broadens  considerably.  The  Creel  Bay  embankment  would  be 
constructed  across  this  neck.  The  embankment  would  be  1,810  feet  long 
and  would  vary  from  0  to  27  feet  high.  Plate  5  shows  the  plan  and 
profile  for  this  reach  of  embankment. 

South  Creel  Bay  Tleback  Embankment 

The  south  Creel  Bay  tleback  embankment  is  1,030  feet  long  and  varies  from 
0  to  3  feet  high.  Plate  4  shows  the  plan  and  profile  for  the  south  Creel 
Bay  tleback  embankment. 


This  reach  of  levee  was  reevaluated  after  plan  B  was  selected  and 
additional  topographic  information  was  available.  The  reevaluation 
determined  that  the  south  1,300  feet  of  the  original  design  would  be  1 
foot  h  igh  or  less,  would  have  gently  aloping  land  on  both  aides,  and 
would  be  relatively  well  protected  from  large  waves.  The  embankment  for 
this  1 ,300- foot- long  reaoh  waa  therefore  eliminated.  As  a  result,  the 
natural  elevation  in  this  area  would  allow  4  feet  of  freeboard  rather 
than  the  5  feet  that  the  embankments  allow. 


North jCreel  Bay  Tieback  Embankment 

The  north  Creel  Bay  tieback  embankment  is  northwest  of  the  main 
embankment.  This  tieback  embankment  Is  needed  to  keep  Creel  Bay  waters 
from  flanking  the  main  embankment  for  lake  stages  of  1 , U 3 8  feet  or 
higher.  This  embankment  would  be  about  2, 400  feet  long  and  would  vary 
from  0  to  8.5  feet  high. 

Trunk  Highway  19  and  the  north/south  township  road  Immediately  west  of 
the  airport  would  have  to  be  raised.  These  roads  would  be  the  northern 
terminus  of  the  embankment.  Trunk  Highway  19  would  be  raised  1  foot. 
Highway  ramps  about  500  feet  long  on  the  east  and  350  feet  long  on  the 
west  side  of  the  embankment  would  be  constructed  to  provide  a  safe 
transition  over  the  embankment.  The  township  would  be  raised  a  maximum 
or  3  feet  and  would  have  a  ramp  length  of  about  620  feet.  Plates  6  and  7 
show  the  plan  and  profile  for  this  levee. 

CROSS  SECTION 


Plate  8  shows  typical  embankment  sections.  Plate  9  shows  typical  road 
raise  and  borrow  area  sections. 

All  of  the  embankments  would  provide  flood  protection  for  lake  stages  up 
to  1,440  feet  msl.  Each  embankment  would  have  a  completed  top  elevation 
or  1,4«I5  to  provide  5  feet  of  freeboard.  The  freeboard  analysis  section 
of  this  report  describes  the  calculations  of  the  freetoard  requirement. 

The  south  and  tieback  embankments  are  relatively  long,  low  structures. 
Compacted  impervious  fill  would  be  placed  to  a  top  elevation  of  1,445 
feet.  The  city  side  of  the  embankments  would  have  a  slope  of  1  foot 
vertical  for  every  3  feet  horizontal.  The  mild  slope  on  the  lake  side 
would  protect  the  embankment  from  erosion  at  a  lower  oost  than  that  of 
riprap.  Six  inches  of  topsoil  would  be  stripped  before  the  levee  fill 
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w: »s  p'.a.'d,  except  under  the  1  vertical  on  IS  horizontal  slope  where  no 
"tripping  wool-}  be  necessary.  The  south  and  tieback  embankments  would 
hive  a  top  width  of  IS  feet.  The  surfaces  of  the  embankments  would  be 
covered  with  U  inches  of  topsoil  and  seeded  with  native  grass  species. 
These  reaches  of  embankment  are  all  In  upland  areas. 

The  main  embankment  across  Creel  Bay  can  be  expected  to  3erve  as  a  flood 
barr.er  for  many  decades.  Since  failure  of  this  embankment  would  result 
in  citastroph;.  damages,  the  embankments  are  designed  to  meet  dam  safety 
criteria.  A  lakeside  cofferdam  and  probably  a  city-side  cofferdam  (the 
contractor  might  choose  to  use  Landfill  Road  as  the  city-side  cofferdam) 
woo'.  1  he  needed  so  that  the  structures  could  be  constructed  In  the  dry. 
The  cofferdams  would  be  constructed  by  pushing  or  end-dumping  impervious 
fill  across  Creel  Bay.  The  hay  presently  has  3  to  U  feet  of  water  at  the 
proposed  cofferdam  location.  After  the  lakeside  cofferdam  is  no  longer 
needed,  it  would  be  pulled  back  toward  the  main  embankment  to  form  a 
berm. 

The  lakeside  cofferdam  Is  necessary  to  construct  the  main  embankment; 
however,  it  could  also  provide  flood  protection  for  the  city  until  the 
main  embankment  is  in  place. 

The  main  embankment  would  have  a  top  widtn  of  20  feet.  Both  sides  would 
have  slopes  of  1  foot  vertical  for  every  3.5  feet  horizontal.  The  lake 
side  would  be  protected  by  9  inches  of  aggregate  bedding  material  plus  18 
inches  of  riprap. 

Borings  indicate  that  the  foundation  soils  are  relatively  impervious. 
Seepage  through  the  embankment  would  be  controlled  by  the  use  of 
Impervious  fill  and  a  sand  drain.  An  Inspection  trench  6  feet  deep  and 
10  feet  wide  would  be  excavated  across  the  valley  and  filled  with 
compacted  impervious  material.  The  sand  drain  would  be  protected  by  6 
Inches  of  bedding  and  12  lnchea  of  riprap  where  the  draic  aurfaoes  on  the 
city  aide  of  the  embankment. 
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All  surface  area  not  protected  by  riprap  would  be  covered  with  4  inches 
of  topsoil  and  seeded  with  native  grass  species.  One  foot  of  topsoi’ 
would  be  stripped  from  under  the  aain  embankment.  To  allow  for  settling, 
the  embankment  would  be  overbuilt  by  one  foot  to  a  top  elevation  of  1,446 
feet. 

Plates  8  and  9  snow  the  road  raise  cross  sections  and  profiles.  Plans 
and  specifications  for  these  raises  will  be  coordinated  with  the  North 
Dakota  Highway  Department  and  township  officials. 

One  foot  of  topsoil  would  be  stripped  from  the  Creel  Bay  borrow  areas. 
After  the  borrow  is  removed,  these  areas  would  be  graded  for  drainage, 
covered  with  four  inches  of  topsoil,  and  seeded. 

Appendix  E  contains  additional  information  on  the  geotechnical  design  of 
the  project. 

INTERIOR  FLOOD  CONTROL  FACILITIES 

The  interior  flood  control  system  was  formulated  to  meet  the  following 
concerns: 

1.  To  provide  the  most  cost-effecti  s  plan. 

2.  To  provide  facilities  for  pumping  during  high  lake  stages  and 
gravity  flow  during  low  stages. 

3.  To  minimize  the  impact  on  wetlands. 

4.  To  be  compatible  with  future  plans  to  land-spread  treated 
effluent  from  the  sewage  lagoons. 

The  recommended  plan  includes  a  system  of  storm-water  holding  ponds,  a 
pumping  station,  and  culverts  and  ditches.  The  capacities  of  the  holding 
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ponds  and  pumping  station  were  optimized  to  provide  the  most  cost- 
effective  system.  Large  amounts  of  relatively  low-cost  former  lakebed 
land  are  available  for  ponding.  By  using  the  maximum  ponding  available, 
tne  recommended  plan  minimizes  the  required  capacity  of  the  pumping 
station  and  the  total  cost  of  the  interior  flood  control  system. 


During  low  lake  stages  and  gravity  flow  conditions,  the  interior  flood 
ro.ntrol  system  could  accommodate,  with  no  damages,  a  storm  with  a  1- 
peroent  probability  of  occurring  in  any  single  year.  During  high  lake 
stages  and  blocked  gravity  conditions  (pumping  mode  of  operation),  the 
proposed  system  could  accommodate,  with  no  damages,  a  15-day,  4-percent 
storm  event.  With  present  high  lake  stages  (elevation  1,428  feet  in  May 
1983),  the  existing  system  probably  cannot  accommodate  a  4-percent  event 


without  damages. 


An  economic  analysis  showed  that  Increasing  the  size  or  the  pumping 
station  to  accommodate  a  design  storm  larger  than  a  4-percent  event  would 
not  be  Justified. 


To  reduce  future  pumping  costs,  a  siphonic  pump  design  was  chosen.  With 
this  design,  the  pump  only  needs  to  lift  the  water  for  the  height  that  is 


the  difference  between  the  water  elevations  on  both  sides  of  the 


embankment  rather  than  for  the  total  height  of  the  embankment.  Because 


the  pumps  might  have  to  operate  for  many  years,  this  design  could  result 
in  considerable  energy  coat  savings. 


Special  attention  was  also  given  to  insulation,  earth  sheltering,  and 
ventilation  because  of  the  need  for  extended  pumping  during  all  seasons 
of  the  year.  A  gravity  outlet  was  Incorporated  into  the  design  of  the 
pumping  station  so  that,  if  lake  levels  fall  to  1,424  feet  msl  or  lower, 
pumping  costs  could  be  eliminated. 


The  interior  flood  control  system  is  not  designed  to  accommodate  any 
significant  lnorease  in  interior  runoff  area.  Beoause  of  the  topography 
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in  the  area,  it  li  unlikely  that  additional  wetland  water  storage  areas 
would  be  drained  to  flow  into  the  interior  runoff  area.  Any ^taflHcnal 
drainage  is  strongly  discouraged  because  of  the  negative  effftBajpgkgh 
drainage  on  the  interior  flood  control  system  as  well  as 
wildlife  habitat. 

Impact  on  Wetlands  Bp' * 

An  Important  design  consideration  was  to  minimize  the  Impact  on  wetflja 

u 

The  proposed  south  embankments  would  block  the  existing  control  for  aWo- 
acre  wetland  immediately  north  of  that  embankment.  However,  a  new  odBet 
at  the  same  elevation  would  be  excavated.  A  shallow,  sod-lined  sfpie 
would  be  constructed  to  drain  toward  an  existing  culvert  under  iJHk 
Highway  20.  ^ 

The  project  would  also  drain  a  38-acre  intermittently-flooded  wetM^d 
southwest  of  the  sewage  lagoon  plus  a  20-acre  wetland  between  Landfl||l 
Road  and  the  proposed  Creel  Bay  embankment.  These  wetlands  aus||e 
drained  to  allow  sufficient  slope  in  the  ditches  that  would  transflKfrt 
water  from  the  holding  ponds  to  the  pumping  station.  After  the  proHt 
is  constructed,  these  areas  would  be  intermittently  flooded  when  nejled 
for  ponding  capacity,  but  they  would  have  less  water  for  shoflkr 
durations  than  under  existing  conditions.  ft 


About  167  acres  of  permanent  wetland  would  be  maintained  in  the  noPth 
ponding  area.  The  65-acre  wetland  between  Landfill  Road  and  the  semmge 
lagoon  would  be  preserved.  Notohes  would  be  out  down  to  elevation  1,428 
feet  msl  in  the  berm  along  the  wetland.  During  hlgh-flow  conditions, 
water  from  the  north  holding  pond  would  reoharge  the  wetland.  Under 
existing  conditions,  the  only  exterior  source  of  water  is  sewage  effluent 
that  the  city  may  choose  to  pump  Into  the  area. 
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The  interior  flood  control  plan  was  reviewed  and  approved  by  the  U.S. 
Fish  and  Wildlife  Service. 


Lani«*»pread inn  of  Sewage  Effluent 

A  long-term  goal  of  the  city  ia  to  eliminate  the  dlaeharge  of  treated 
aewage  effluent  into  Creel  Bay.  The  effluent  preaently  meets  State  and 
Federal  water  quality  standards. 

4 

In  1993.  the  city  initiated  planning  studiea  for  land-spreading  or 
evaporation  of  the  aewage  effluent.  At  present,  there  appears  to  be 
limited  further  economic  benefits  associated  with  combining  the  storm 
water  and  effluent  water  pumping  facilities.  In  addition,  the  schedules 
for  the  flood  control  and  land-spreading  projects  do  not  correspond. 
Pumping  facilities  for  sewage  effluent  have  therefore  not  been 
incorporated  into  the  flood  control  project. 

If  opportunities  for  combining  these  facilities  are  well  developed  before 
planning  for  the  flood  control  project  is  completed,  the  decision  not  to 
incorporate  land-spreading  could  be  reevaluated.  Any  additional  project 
costs  for  pumping  sewage  effluent  to  land-spreading  or  evaporation 
facilities  would  be  a  local  cost. 

Ponding  Areas 

Interior  flood  oontrol  facilities  would  consist  of  five  holding  ponds:  a 
299-acre  north  pond,  a  195-acre  south  holding  pond,  a  127-acre  east  pond, 
a  107-acre  Landfill  Road  pond,  and  a  32-aore  pond  between  the  proposed 
embankment  and  Landfill  Road,  for  a  total  of  760  acres. 

Except  for  the  north  and  Landfill  Road  ponds,  the  ponds  would  only  have 
water  when  runoff  was  greater  than  the  oapaoity  of  the  pumping  station 
and  only  until  the  pumping  station  oould  drain  down  the  ponds.  However, 
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a  large  stora  sight  require  several  days  for  the  puaplng  station  to  draw 
down  the  ponds. 


Although  ‘his  land  could  be  used  for  grazing,  hay  aeadows,  or  other 
coapatible  purposes,  these  areas  would  have  to  reaaln  available  for 
ponding  water  at  any  tiae. 

Pipes  and  Ditches 

Three  culverts  would  be  reaoved  froa  under  Trunk  Highway  19,  and  two  new 
36-inch  by  58-inch  arch  pipes  would  be  installed.  Each  new  pipe  would 
have  a  weir  to  maintain  a  minimus  water  elevation  of  1426.75  feet  in  the 
north  holding  pond. 

As  discussed  earlier,  notQhes  would  be  out  in  the  existing  bera  adjacent 
to  the  Landfill  Road  pond  to  recharge  this  wetland  and  to  provide  ponding 
capacity.  Minor  clearing  and  grading  in  the  existing  storm-water  ditches 
adjacent  to  the  sewage  lagoon  would  Increase  their  capacity.  The 
existing  culverts  under  Landfill  Road  would  be  reaoved  and  a  new  72-inch 
pipe  Installed  there. 

As  discussed  earlier,  a  new  sod-lined  swale  would  be  constructed  to 
control  the  elevation  of  the  wetland  adjacent  to  the  south  eabankaent. 
This  swale  would  have  the  same  control  elevation  as  the  present  wetland 
control. 

Puaplng  Station 


The  puaplng  station  would  be  on  the  south  abutaent  of  the  Creel  Bay 
eabankaent.  The  puaplng  station  would  be  designed  for  all-season 
operation  and  would  have  two  8,000-gallon  per  ainute  subaerslble  electric 


Plates  10,  11,  and  12  show  th«  holding  ponds  and  other  interior  flood 
control  features.  Plates  15,  16,  and  17  show  the  pumping  station. 
Appendix  C  Is  a  detailed  analysis  of  the  interior  flood  control  system. 

FREEBOARD  ANALYSIS 


Freeboard  requirements  for  the  embankments  comply  with  the  orlterla  and 
principles  in  a  Ccrps  publioation,  ETL  1110-2-221,  "Wave  Runup  and  Wind 
Setup  on  Reservoir  Embankments,"  dated  November  29,  1976.  Overland  wind 
velocities  were  adjusted  to  over-water  conditions  for  an  effective  fetch 
of  2.11  miles.  Wind  velocity  computations  resulted  in  a  design  wind  of 
55  mph  over  a  28-minute  duration.  Recommended  procedures  for  developing 
wind  setup  and  and  maximum  wave  runup  on  a  rlprapped  embankment  produced 
a  5.0-Toot  freeboard  requirement.  The  maximum  wave  runup  was  determined 
to  be  4.7  feet  with  a  wind  setup  equivalent  to  0.3  feet.  The  design 
water  surface  elevation  of  1440.0  feet  along  with  the  computed  freeboard 
allowance  of  5.0  feet  established  the  top  of  embankment  at  elevation 
1445.0  feet  for  all  reaohes  of  embankment.  As  discussed  earlier,  a 
portion  of  the  embankment  was  eliminated  in  an  area  that  has  4  feet  of 
freeboard  with  its  present  elevation. 

GROUND  WATER  AND  SEEPAGE 

Natural  foundation  materials  at  all  of  the  embankment  sites  are 
predominantly  impervious.  Out  of  546.2  linear  feet  of  overburden  samples 
for  the  project,  only  31.2  feet  were  evaluated  as  pervious.  These 
pervious  msterlals  occurred  as  beds  less  than  5  feet  thiok  in  an 
impervious  soil  mass.  A  total  of  97.4  linear  feet  of  fractured  shale  was 
sampled.  In  all  oases,  the  fraotured  shale  was  mantled  by  an  impervious 
soil  cover. 

Although  not  verified  by  borings  for  this  project,  glacial  till  Is 
normally  weathered  and  occasionally  fissured  to  a  depth  of  5  to  10  feet. 
In  areas  of  poor  surface  drainage,  water  is  requently  stored  in  fissures 


In  thla  zone.  Water  say  also  seep  into  shallow  excavations.  Migration 
of  water  through  these  fissures  is,  however,  generally  not  significant. 

Movement  of  water  therefore  would  be  limited  to  thin,  sandy  bods  in  the 
overburden  and  to  the  fractured  shale.  Based  on  this  interpretation, 
seepage  under  the  embankments  is  not  a  problem  caused  by  a  limited 
ability  of  the  foundation  to  receive  and  transmit  water. 

The  water  table  was  poorly  defined  for  this  study  because  of  the  low 
permeability  of  the  soils  and  the  short  observation  time  allowed  Tor 
water  levels  in  boreholes  to  become  static.  Based  on  the  simple 
definition  of  the  water  table  as  the  surface  of  the  zone  or  saturation, 
the  water  table  is  interpreted  as  fairly  shallow  at  all  sites.  Free 
water  is,  however,  not  readily  available. 

IMPACT  ON  GROUND  WATER 

The  project  la  pr^iosed  to  protect  the  city  of  Devils  Lake  from 

inundation.  It  will  jiot  cause  a  perceptible  difference  in  the  level  that 

thr  lake  would  attaM  if  no  motion  were  taken.  No  adverse  impact  on  the 

ground  water  of  the  area  would,  therefore,  result  from  the  project.  The 

project  would,  in  fact,  provide  some  relief  to  normal  high  ground-water 

levels  under  the  city  by  maintaining  surface  drainage  and  by  keeping 
» 

sewers  functioning  during  periods  of  high  lake  levels. 

Although  the  project  should  have  no  adverse  impact  on  the  ground  water  of 
the  area,  a  brief  disousslon  of  ground  water  at  the  city  of  Devils  Lake 
and  probable  ground-water  conditions  during  periods  of  excessively  high 
lake  levels  follows  to  clarify  what  might  otherwise  be  perceived  as  a 
project-related  probjem. 

The  olty  of  Devils  Lake  is  underlain  by  glaoial  drift  and  minor 
lacustrine  sediments  resting  on  shale  of  the  Pierre  Pormation.  free 
ground  water  Is  present  In  sand  seams,  lenses,  and  ohannels  In  the 
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glacial  drift.  Such  features  often  yield  water  to  shallow  excavations, 
particularly  In  the  west  and  central  parts  of  town.  Seepage  from  shallow 
water-bearing  seaas  is  also  evident  In  a  drainage  ditch  around  the  north 
and  east  sides  of  the  city.  This  seepage  reportedly  contributes  to 
sewage  treatment  demands  because  of  infiltration  into  the  sewer  pipes. 
Water  Is  also  present  in  fractured  shale  of  the  Pierre  Formation,  which 
is  too  deeply  burled  to  be  encountered  in  excavations  for  normal 
construction.  W«lls  tapping  this  source  are  over  40  feet  deep,  but  those 
in  the  drift  are  as  shallow  as  12  feet. 

Other  major  aquifers  under  or  near  the  city  are  the  Dakota  and  the 
Spiritwood  Aquifers.  The  Dakota  Aquifer  lies  1,500  feet  below  ground 
surface.  It  is  a  sandstone  that  yields  salty  water  under  artesian 
pressure.  The  Spiritwood  Aquifer  is  a  drift-filled  bedrock  valley  south 
and  west  of  the  city.  This  aquifer  produces  poor  quality  water  Trom  sand 
and  gravel  beds  In  the  drift. 

The  only  water-bearing  strata  of  Interest  in  the  evaluation  of  the 
relationship  of  ground-water  and  lake  levels  are  the  shallow  sandy  beds 
in  the  drift.  These  sandy  beds  are  recharged  by  local  precipitation. 
Natural  drainage  from  these  beds  is  poor  because  they  lack  a  hydraulic 
connection  with  an  effective  base  level.  Drainage  is  presently  assisted 
by  ditches  to  the  lake  and  infiltration  into  sewer  pipes.  These 
artificial  factors  make  drainage  responsive  to  lake  levels  only  when  the 
lake  Is  at  a  lower  level  than  the  area  drained. 

Since  the  level  of  the  lake  depends  dlreotly  on  precipitation,  high  lake 
levels  would  naturally  oolnclda  with  high  ground-water  levels  in  the 
olty.  A  oasuel  observer  could  therefore  easily  misinterpret  the  high 
ground-water  levels  as  the  result  of  tha  high  laks  level. 

With  the  project  in  plaoe,  a  pumping  facility  would  provide  some  relief 
to  high  ground-water  levels  by  maintaining  surfaoa  drainage  and  by 
keeping  the  sewer  systems  operational.  Subaurfaoe  seepage  from  the  lake 
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to  the  protected  area  is  predicted  to  be  insignificant  because  of  the 
overall  fine  texture  of  the  soils.  Demands  on  the  pumping  facility  due 
to  seepage  from  the  lfcke  are  predicted  to  be  insignificant. 


RIGHTS-OF-WAY 

The  non-federal  project  sponsor  would  be  responsible  for  acquiring  all 
lands,  easements,  and  rights-of-way  for  the  project.  The  easements 
described  below  are  the  minimum  interests  that  the  sponsor  would  have  to 
acquire.  The  sponsor  may  choose  to  acquire  a  greater  Interest,  such  as 
fee  title  ownership,  however. 

About  32  acres  would  be  needed  for  the  earth  embankments,  pumping 
station,  and  access  road.  The  city  would  have  to  acquire  a  perpetual 
easement. 

About  760  acres  would  be  needed  for  interior  runoff  ponding  areas.  The 
city  would  have  to  acquire  a  perpetual  easement  for  these  lands.  The 
ponding  land  could  be  used  for  compatible  purposes,  such  as  grazing  or 
hay  meadows.  However,  such  uses  would  have  a  lower  priority  and  could  not 
interfere  with  the  primary  purpose  of  the  land,  which  would  be  to  store 
water. 

Perpetual  easements  would  be  needed  for  the  Trunk  Highway  20  and  township 
road  raise  near  the  airport  and  for  the  service  road  raise  near  the  south 
embankment. 


Pill  for  the  project  would  be  excavated  from  an  existing  stockpile  of 
earth  south  of  the  city  (approximately  300,000  cubic  yards  of  earth 
excavated  from  storm-water  settling  ponds)  and  from  barrow  areas  north  of 
’he  Creel  Bay  embankment.  The  city  owns  the  stockpile  of  earth,  but  it 
would  have  to  acquire  temporary  borrow  easements  north  of  the  main 
embankment. 
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Much  of  the  land  needed  for  the  projeot  lies  below  the  meander  line  of 
the  lake,  which  generally  varies  between  1435  and  1437  feet  asl  in  the 
Creel  Bay  area.  State  officials  have  indicated  that  the  State  of  North 
Dakota  owns  this  land.  Several  recent  court  cases  have  confirmed  the 
State  ownership  of  this  land.  State  officials  have  indicated  the  State- 
owned  ’.and  necessary  for  the  project  would  be  conveyed  to  the  project 
sponsor. 

Soae  of  the  land  needed  for  the  aain  Creel  Bay  embankment  is  owned  by  the 
city.  The  balance  of  the  land  needed  for  the  project  is  owned  by  three 
or  four  private  parties. 

Appendix  B  includes  the  real  estate  cost  estiaate. 

RELOCATION  OF  BUILDINGS,  STREETS,  AND  UTILITIES 

No  known  buildings,  streets,  or  utilities  would  need  to  be  relocated  for 
construction  of  the  recommended  plan.  Relocation  of  these  lteas  would  be 
a  local  responsibility. 

An  underground  water  aain  would  pass  beneath  the  south  eabankaent.  This 
pipe  aay  need  to  be  aodlfied  so  that  failure  of  the  aain  and  the 
resulting  breakage  would  not  endanger  the  eabankaent.  These 
aodlf lcatlona  are  considered  an  integral  part  of  the  structures.  The 
cost  of  such  aodlflcaticns  would  be  a  Federal  responsibility. 

ECONOMIC  BENEFITS 

As  discussed  in  appendix  A,  the  traditional  benefit-cost  ratio  analysis 
that  uaea  discharge  or  stage  frequenoy-daaage  relationships  oould  not  be 
conducted  for  this  project.  However,  the  lake  will  probably  continue  to 
rlae.  The  standard  projeot  flood  inflow  to  the  lake  would  cause  the  lake 
to  rise  about  16  feet  above  its  present  elevation  (1428-plus  feet  asl). 
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Because  the  economic  damage  resulting  from  higher  lake  levels  would  be 
much  greater  than  the  cost  to  protect  against  these  damages,  It  appears 
prjdent  to  construct  the  proposed  flood  control  measures.  A  lake  level 
of  UhO  feet  msl  the  design  water  surface  for  the  recommended  plan) 
would  flood  about  126,000,000  worth  of  property.  The  cost  of  a  project 
to  protect  against  these  damages  would  be  about  $2,000,000. 


Three  scenarios  for  future  lake  levels  were  developed  and  are  analyzed  In 
appendix  A.  The  national  economic  development  (NED)  average  annual 
benefits  were  calculated  using  scenario  2.  This  scenario  Involves  an 
intermediate  rate  of  lake  rise. 

Tie  total  present  value  of  future  damages,  based  on  scenario  2  and  a 
design  water  surface  elevation  of  1M0  feet  msl,  Is  $9,880,000.  For  a 
■)2-year  project  life  and  a  7-7/9  percent  interest  rate,  the  average 
annual  economic  benefits  associated  with  the  project  would  be 
$775,000  ■' '. 

The  tr,ree  scenarios  indicate  *he  sensitivity  of  the  economic  feasibility 
to  the  rate  of  rise  of  lake  levels.  However,  the  economic  analysis 
showed  tnat,  even  for  the  most  conservative  rate  of  lake  rise  (scenario 
3.  where  the  lake  would  not  get  to  elevation  1430  feet  until  the  year 
2000',  flood  control  measures  would  be  economically  feasible.  Beneflt- 
ccst  ratios  for  the  selected  plan  range  from  5.3  to  1  (scenario  1)  down 
to  *  .0  to  '  scenario  3  ). 
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'  The  total  present  value  of  future  damages  was  updated  for  the 
recommended  plan  using  an  interest  rate  of  7-7/8  percent  end  a  base  year 
of  1964.  These  figures  differ  from  those  presented  for  plan  8  during  an 
earlier  stage  of  the  study  because  the  earlier  figures  used  an  interest 
rate  of  ’-5/9  percent  and  a  base  year  of  1992.  Updating  all  of  the 
alternatives  would  not  have  resulted  in  selection  of  a  different  plan. 
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LEVEL  OF  PROTECTI ON/ FLOODPLAIN  MANAGEMENT 


For  a  traditional  flood  control  project,  the  level  of  flood  protection 
provided  can  be  estimated.  This  level  of  protection  is  generally  stated 
in  terms  of  the  probability  of  occurrence  for  a  flood  larger  than  the 
project  is  designed  to  control.  However,  the  lack  of  a  stage-frequency 
re  '.at  lonsh  lp  for  the  Devils  Lake  water  levels  makes  It  impossible  to 
calculate  this  probability  for  the  recommended  plan. 

The  standard  definition  of  a  floodplain  Includes  the  land  with  a  1- 
percent  chance  of  being  Inundated  in  any  one  year.  The  lack  of  a  stage- 
frequency  relationship  also  makes  it  impossible  to  define  the  floodplain 
in  the  project  area  according  to  standard  criteria. 

Since  the  level  of  flood  protection  provided  by  the  project  cannot  be 
Identified,  the  area  protected  by  the  flood  barriers  cannot  be  removed 
from  the  floodplain  and  must  be  managed  to  avoid  endangering  additional 
development. 

From  the  Federal  perspectives,  this  management  program  would  limit  the 
risk  to  the  Federal  Investment  in  public  development  within  the  area. 
The  Federal  flood  control  project  must  also  be  consistent  with  the 
principle  that  Federal  action  should  not  encourage  development  in  an  area 
at  risk  from  flooding.  Executive  Order  1 1 988  requires  that  the  Corps 
avoid  inducing  development  in  the  floodplain. 

The  need  for  floodplain  management  in  the  project  area  has  been  stressed 
by  Corps  representatives  at  several  meetings  with  local  and  State 
interests.  These  Interests  concur  with  the  need  for  auoh  a  management 
program.  In  cooperation  with  the  North  Dakota  State  Water  Commission, 
the  Federal  Emergency  Management  Agenoy,  and  the  Corps,  the  olty  of 
Devils  Lake  Is  developing  a  floodplain  management  ordinance.  Enaotment 
and  enforcement  of  this  ordinance  would  be  an  item  in  the  local 
cooperation  agreement.  (See  local  responsibility  Item  9  on  page  6k.) 
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Figure  *0  3hows  contour  lines  for  elevation  1440  feet  msl  (the  design 
water  surface  for  the  recommended  plan)  and  the  approximate  elevation  of 
the  natural  outlet.  The  figure  also  shows  a  profile  across  Creel  Bay, 
the  eewage  lagoons,  and  the  city. 

The  star,  iurl  project  flood  (SPF)  would  cause  the  lake  to  rise  to 
e.e/ation  'uuo  feet  msl  from  Its  1983  elevation  of  ImPS.  This  SPF  level 
w . .11  re  *  foot  over  the  top  of  the  levee  and  6  feet  above  the  design 
wa*<*r  sur'ane  level  for  the  project.  However,  because  of  the  slow  rate 
: o  *  re  r.re  f  the  lake,  emergency  action  to  raise  the  levee  or  excavate 
a'  whi.d  be  feasible.  If  these  actions  were  not  taken,  there 

w-.ll  h«  t.ae  to  evacuate  people  and  removable  property. 

EN7  Ih  ,NMKS7Ai.  EFFECTS 

The  recoattenled  plan  is  preferred  from  an  environmental  standpoint. 

Hatltat  losses  resulting  from  the  project  have  been  minimized.  The  higher 
quality  wetlands  in  the  project  area  would  not  be  adversely  affected  by 
the  project.  A  minimum  water  level  would  be  held  in  the  north  holding 
pond  to  maintain  a  wetland.  Terrestrial  habitat  losses  would  be 
restricted  to  grassland  areas,  and  those  losses  would  be  replaced  by 
grass  plantings  on  the  levees. 

Other  measures  are  also  in  the  recommended  plan  to  help  minimize 
environmental  impacts.  The  project  would  be  compatible  with  a  system  to 
land-spread  waste  water.  The  city,  in  cooperation  with  State  and  Federal 
agencies,  is  investigating  such  a  system. 


A  land  management  plan  is  also  part  of  the  recommended  plan.  This  land 
management  plan  would  help  to  reduce  future  flood  damages  and  to  preserve 
the  floodplain  values  of  the  area. 
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As  part  or  the  selected  plan,  wetland  drainage  Is  discouraged. 
Discouraging  drainage  would  preserve  wetland  values  and  maintain  the 


effectiveness  of  the  Interior  drainage  facilities. 


The  recommended  plan  is  designed  to  minimize  environmental  Impacts.  The 
loss  of  aquatic  habitat  at  the  head  of  Creel  Bay  is  not  considered 
significant.  The  recommended  plan  does  not  result  In  unacceptable 
impacts.  It  is  also  the  least  environmentally  damaging  plan. 


SOCIAL  EFFECTS 


Construction  equipment  would  generate  some  noise.  However,  no  sensitive 
receptors  (such  as  hospitals  or  schools)  are  In  the  construction  area, 
and  the  noise  would  have  no  appreciable  effect.  Views  of  the  lake  and 
upland  areas  would  be  affected  by  the  structures.  To  some  this  effect 
could  be  a  loss  of  aesthetic  values,  but  to  others  the  structure  could  be 
an  attractive  Item  of  Interest.  Traffic  patterns  would  not  be 
significantly  affected  by  construction  activity. 


Substantial  benefits  to  the  public  health  and  safety  would  result  from 
protecting  the  local  sewage,  storm  water,  transportation,  communication, 
and  electric  utilities.  The  project  could  have  a  minor  negative  effect 
on  community  cohesion  because  it  would  protect  the  city  but  not  other 
areas  adjacent  to  the  lake.  Residents  and  businesses  in  those  areas  not 
protected  (such  as  Camp  Grafton,  Port  Totten  Indian  Reservation,  and 
Mlnnewauken)  might  feel  unfairly  treated. 


The  project  would  have  substantial  beneficial  effects  on  community  growth 
and  development.  The  projmot  would  (1)  proteot  vital  city  servioes,  (2) 
protect  a  major  recreation  and  economic  resource  (the  lake  would  not  be 
contaminated  with  raw  sewage  and  debris  from  inundated  development),  (3) 
provide  minor  economic  stimulus  during  construction,  and  (4)  protact  the 
development  in  the  floodplain. 


The  recommended  plan  would  not  require  relocation  of  hones  or  businesses. 

Although  there  Is  the  potential  for  controversy  about  the  issues  of 
allocation  of  local  costs,  the  limited  area  protected,  and  the  floodplain 
management  plan,  no  project-related  controversy  is  apparent.  Local, 
regional,  and  State  Interests  have  shown  strong,  continuing  support  for 
the  project.  Their  chief  concern  has  been  that  the  schedule  for 
implementation  of  a  plan  be  accelerated  to  prevent  Imminent  flooding. 

CULTURAL  RESOURCES  EFFECTS 

No  cultural  resource  sites  are  known  within  the  area  of  the  recommended 
plan.  All  proposed  project  lands  have  been  surveyed  except  for  the 
access  road  to  the  pumping  station  and  the  north  borrow  area.  The  access 
road  location  was  not  Identified  until  after  surveys  were  completed. 
Permission  to  survey  the  north  borrow  area  could  not  be  obtained.  When 
permission  from  this  property  owner  is  obtained,  the  access  road  and 
borrow  area  will  be  surveyed. 

If  any  significant  cultural  resource  sites  are  discovered  in  the  project 
area,  the  St.  Paul  District  will  initiate  ooordination  with  the  North 
Dakota  State  Historic  Preservation  Officer  to  develop  a  mitigation  plan. 

RECREATION  AND  AESTHETICS 

St.  Paul  District  representatives  and  local  public  officials  have 
discussed  recreational  opportunities  assooiated  with  the  project.  The 
St.  Paul  District  has  prepared  a  conceptual  plan  showing  trails  on  the 
Creel  Bay  embankments  and  assooiated  facilities.  Although  local  officals 
were  interested  in  these  oonoepts  and  confirmed  the  need  for  these 
facilities,  they  did  not  indicate  a  firm  willingness  to  participate  in 
recreation  features.  Therefore,  no  recreation  features  are  in  the 
recommended  plan. 
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Plantings  will  be  used  to  visually  screen  project  structures.  Native 
grass  species  will  be  used  when  appropriate  to  provide  wildlife  habitat, 
minimize  maintenance,  and  provide  a  more  natural  appearance. 
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PUBLIC  LANS,  REGULATIONS,  AND  EXECUTIVE  ORDERS 

The  project  was  reviewed  with  respect  to  Executive  Order  11988 
(floodplain  management),  Executive  Order  11990  (protection  of  wetlands), 
the  Council  on  Environmental  Quality  (CEQ)  memorandum  of  June  11,  1980, 
(impacts  on  prime  and  unique  farmland),  items  specified  by  Section  122  of 
Public  Law  91-611,  the  Clean  Nater  Act  of  1977,  and  Public  Law  96-159 
(endangered  species). 

This  review  determined  that  the  project  would  be  consistent  with  these 
laws,  regulations,  and  executive  orders.  The  reasons  Tor  this 
determination  are  discussed  in  the  environmental  assessment  section  of 
this  report. 


PROJECT  IMPLEMENTATION  COSTS 

Table  5  shows  the  total  investment  coat  needed  to  implement  the  project. 

The  annualized  total  project  investment  coat,  benefit-coat  ratio,  and  net 
annual  economic  benefits  are  indicators  of  the  economic  feealblllty  of  a 
project.  Table  6  shows  these  indicators  for  the  Devils  Lake  flood 
control  project. 


Tab  le  5  -  Total  Project  Investment  Cost 


Construction  (each  item  Includes  a 

(embankment  s 

Road  raises,  access  road 
Pun,  ing  plant 

Direct  construction  cost  subtotal 

Engineering  and  design  (includes 
preparation  of  plans  and  specs.) 

Supervision  and  administration 

Indirect  construction  cost  subtotal 

Total  construction  cost 

l.ands,  easements,  and  rights-of-way 

Interest  during  construction 

Total  project  investment  cost 


15-percent  contingency) 

$819,000 

105,000 

540^000 

$1,464,000 

176,000 
127 ,000 

303,000 

$1,767,000 
160,000 
46,000 

1.973,000 


Table  6  -  Economic  Feasibility 


Annualized  total  project  Investment  cost 

($1,973,000  x  0.07879)^^  $155,000 

(2) 

Annual  operating  and  maintenance  cost  6,000 

Total  annual  cost  161,000 

Annual  benefits  649,000 

Annual  net  benefits  ($649,000  -  $161,000)  488,000 

Benefit-cost  ratio  ($649,000  ♦  $161,000)  4.0 


(1)  Based  on  an  interest  rate  of  7-7/8  percent  and  a  100-year 
evaluation  period. 

(2)  $3,500  for  operation  and  maintenance  of  pumping  plant.  $2,500 
for  mowing  and  maintenance  of  embankments  and  ponding  areas. 
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IMPLANTATION  RESPONSIBILITIES 

The  single  purpose  of  this  project  is  flood  control.  Costs  between  local 
and  Federal  Interests  would  be  allocated  according  to  current  Federal 
flood  control  law. 

The  Federal  Government  would  bear  all  of  the  costa  for  construction  of 
the  flood  barriers  and  interior  flood  control  facilities,  up  to  a  maximum 
cost  of  $4,000,000.  Local  interests  would  provide  all  lands,  easements, 
and  rights-of-way.  Local  interests  would  be  assigned  all  costs  for  the 
relocations  of  any  buildings,  roads,  or  utilities  (none  have  been 
identified).  Local  interests  would  also  operate  and  maintain  the  project 
after  completion. 

Table  7  shows  allocations  of  project  costs  between  the  local  sponsor  and 
the  Federal  Government. 


Table  7  -  Allocation  of  Project  Coats  (May  1983  price  levels) 


[tem 

Const ruct Ion 

Lands,  easement* 
and  rights-of-way 


Federal 


(1) 


$1,767,000 

0 


Total  project  cost  1,767,000 


lx) cal  Sponsor 
$0 

160,000 

160,000 


Total 


$1,767,000 


160,000 

1,927,000 


(1)  Does  not  include  $5,000  for  the  initial  reconnaissance  report  or 
$295,000  for  detailed  studies  prior  to  authorization  of  project 
construction. 
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LOCAL  RESPONSIBILITIES 


Non-Federal  Interests  must  agree  In  writing  to: 

1.  Provide,  without  coat  to  the  United  States,  all  lands,  easements,  and 
rights-of-way,  Including  ponding  and  borrow  areas,  necessary  for  the 
construction,  operation,  and  maintenance  of  the  project. 

2.  Accomplish,  without  cost  to  the  United  States,  all  alterations  and 
relocations  of  buildings,  streets,  and  utilities  except  those  utilities 
that  are  an  Integral  part  of  project  structures,  necessary  for  the 
construction,  operation,  and  maintenance  of  the  project. 

3.  Hold  and  save  the  United  States  free  from  damages  caused  bv  the 
construction  and  subsequent  operation  and  maintenance  of  the  project, 
except  damages  due  to  the  fault  or  negligence  of  the  United  States  or  its 
contractors. 

U.  Provide  all  project  costs  in  excess  of  the  $4,000,000  Pederol 
statutory  cost  limitation. 

5.  Maintain  and  operate  the  project  after  completion,  without  cost  to 
the  United  States,  in  accordance  with  regulations  prescribed  by  the 
Secretary  of  the  Army. 

6.  Prevent  any  encroachment  on  constructed  works  and  ponding  areas  that 
would  interfere  with  the  proper  runotionlng  of  the  project  and,  if 
ponding  is  impaired,  provide  promptly  and  without  cost  to  the  Unit 
States,  substitute  storage  or  equivalent  pumping  capaoity. 

7.  Comply  with  the  applicable  provisions  of  the  Uniform  Relocation 
Assistance  and  Real  Property  Aoqulsltlon  Policies  Aot  of  1970,  Public  Law 
91-646,  approved  January  2,  1971,  in  the  acquisition  of  lands,  easements, 
and  r lghts-of-way  neoeasary  for  the  oonstruotlon  and  subsequent 
maintenance  of  the  projeat  and  advise  affeoted  persons  of  pertinent 
procedures,  policies,  and  benefits  in  connection  with  the  Act. 
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8.  Comply  with  Section  601  of  Title  VI  of  the  Civil  hight.3  Act  of  1964 
(Public  Law  88-352)  and  Department  of  Defense  Directive  5500. 11  Issued 
pursja-it  thereto  an  1  published  In  Part  300  of  Title  32,  Code  of  Federal 
Regulations,  in  connection  with  the  construction,  operation,  and 
maintenance  of  the  project. 

9.  Within  one  year  after  the  execution  of  this  agree  meat. ,  enact  and 
commence  the  enforcement  of  a  floodplain  zoning  ordinance  whlih  shall 
apply  tc  that  part  of  the  area  protected  by  the  project,  which  is  subject 
to  the  zoning  arthority  of  the  City  of  Devils  Lake,  North  Dakota.  The 
sail  ordinance  shall: 

a.  Prohibit  all  new  construction  or  additions  or  improvements  to 
existing  structures  which  will  Increase  the  existing  assessed 
valuation  by  a  factor  of  50  percent  or  more,  '  slow  elevation  1440 
feet,  mean  sea  level,  unless  elevated,  floodproofed  or  otherwise 
protected  against  damages  resulting  from  floods  occurring  at  or 
below  elevation  1440  feet,  mean  sea  level. 

b.  9e  coordinated  with  the  State  and  Federal  Emergency  Management 
Agencies  and  be  consistent  with  State  and  Federal  floodplain 
management  regulations. 

c.  Be  amended,  upon  receipt  of  written  notification  from  the 
undersigned  District  Engineer  or  his  successor,  to  reflect  the 
results  of  further  hydrologic  studies  by  the  Corps  of  Engineers 
which  result  In  development  of  a  stage-probability  relationship 
Indicating  probable  flooding  to  an  elevation  other  than  1440  feet, 
mean  sea  level,  by  applying  the  said  prohibition  of  construction  to 
said  elevation. 

10.  The  City  shall  cause  an  annual  publication  of  notification  In  a 
newspaper  of  general  olroulatlon  In  the  City,  advising  all  who  may  be 
concerned  that  all  land  balow  elavatlo n  1457.1  feet,  mean  sea  level,  the 
elevation  of  the  natural  laka  outlet,  has  bttn  inundated  by  the  waters  of 
Devils  Lake  In  the  past,  and  could  be  so  Inundated  again. 
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11.  The  City  shall  notify  In  writing  all  persons  requesting  land  use  or 
building  permits  In  connection  with  land  lying  below  elevation  1457.1 
feet,  the  elevation  of  the  natural  lake  outlet,  that  suoh  land  has  been 
inundated  by  the  waters  of  Devils  Lake  in  the  past  and  could  be  so 
inundated  again. 

FEDERAL  RESPONSIBILITIES 

Federal  (Corps  of  Engineers)  responsibilities  would  include  the 
following: 

1.  To  prepare  construction  plans  and  specifications. 

2.  To  administer  and  supervise  construction. 


3.  To  bear  all  o £  the  costs  for  construction  of  the  flood  barrier  and 
interior  flood  control  system  up  to  the  Federal  cost  limit  of  $4,000,000. 


4.  To  provide  tnj  city  an  operating  and  maintenance  manual  for  the 
project. 


The  final  project ^post  would  be  determined  after  final  payment  to  the 
construction  contractor.  The  local  share  of  projeot  coata  would  than  be 
adjusted  to  reflect  actual  rather  than  estimated  coat. 


PUBLIC  VIEWS  AND  COORDINATION 

The  Devils  Lake  Section  205  flood  control  has  been  closely  coordinated 
with  the  city  of  Devils  Lake  and  with  State  and  Federal  agendas.  The 
projeot  was  discussed  at  several  meetings  with  oity,  regional,  and  State 
officials.  These  meetings  were  open  to  the  public.  The  projeot  was  also 
coordinated  through  many  letters  and  telephone  conversations  with  these 
Interests.  Appendix  H  oontalns  documentation  of  the  most  significant 
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coordination  Items.  Local  and  State  interests  hive  shown  strong, 
continuing  support  for  the  project,  and  they  have  taken  an  active  role  In 
helping  to  formulate  the  final  plan. 


SUMMARY  ANALYSIS  OF  FINAL  PLAN 


< 


Taole  8  summarizes  the  final  plan  and  shows  contributions  of  the  plan  to 
the  four  national  planning  accounts  (national  economic  development  (NED), 
environmental  quality  (EQ),  regional  development  (RD/,  and  other  social 
effects  (OSE). 

One  local  planning  objective,  to  contribute  to  the  economic  health  of  the 
city  of  Devils  Lake  by  reducing  the  flood  threat  during  the  1984  to  2084 
period,  was  determined  to  be  very  similar  to  the  national  objective  of 
regional  development.  The  local  objective  of  economic  health  is 
therefore  discussed  in  the  regional  development  sections.  Similarly, 
another  local  planning  objective,  to  contribute  to  the  sense  of  security 
of  local  residents  and  business  Interests  by  reducing  the  flood  threat, 
was  combined  with  the  other  social  effects  national  objective. 

Table  8  compares  the  final  plan  to  the  existing  conditions  and  to  the 
most  probable  future  If  the  plan  is  not  Implemented.  The  environmental 
assessment  section  of  this  report  oontaina  additional  summary  information 
on  the  compliance  of  the  plan  with  the  requirements  of  Section  122  of 
Public  !.aw  91-811,  and  with  other  environmental  laws,  regulations,  and 
policies. 

Table  9  summarises  the  response  of  the  reoommended  plan  to  the  evaluation 
criteria. 
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Table  9  -  Response  to  Evaluation  Criteria 


1 1  era 

accept  abi  1 1 1  v 


.  crop !  i>t  eness 


o  f  f  ort  i  vrai'ss 


ft  t  i r If nr V 


■  ■  r  t  a  i  nt  v 


geographic  scope 
rovers  lb  1 1 1  ty 


stabl  1 1 1 y 


Response  of  Plan 

Favorable.  Plan  is  acceptable  or  stronp.lv  supported 
by  all  identified  groups. 

Favorable.  The  plan  would  provide  complete  exterior 
and  Interior  flood  protection  for  the  destpo  events. 

Favorable.  The  plan  would  make  significant,  cimtrl- 
but ions  to  all  planning  accounts. 

Favorable.  The  plan  would  fully  exploit  flood  control 
opportunities  provided  by  t  tie  natural  topography. 

Favorable.  Although  the  probability  of  future  lake 
stapes  could  not  be  quantified,  recent  trends  and 
past  lake  elevations  indirate  that  the  lake  will 
continue  to  rise.  Hie  risk  of  eortst  ruct  itip  a  project 
that  is  not  needed  because  lake  levels  suddenly  and 
consistently  fall  appears  to  be  small.  The  risk 
appears  to  be  much  greater  for  expensive,  inefficient, 
and  unsafe  emergency  actions  and/or  catastrophic 
damages  If  the  lake  continues  to  rise. 

The  plan  applies  only  to  the  city  of  Devils  Lake. 

Favorable.  If  the  lake  level  falls,  the  gravity  outlet 
could  be  opened  and  the  drainage  system  would  function 
as  It  did  before  the  lake  level  reached  its  current 
elevation.  If  lake  levels  rise  and  an  outlet  Is 
constructed,  the  project  would  allow  the  lake  to  be 
stabilized  at  higher  levels. 

Favorable.  Three  scenarios  for  lake  levels  reaching 
elevation  1430  feet  in  1983,  1991,  and  the  year  2000 
were  analyzed.  The  project  was  feasible  for  all  three 
scenarios . 

4:  l 


benefit-coat  ratio 


Favorable . 


I 


RECOMMENDATIONS 

I  recommend  that  the  United  States  construct  a  flood  control  project  at 
Devils  i.ake,  North  Dakota,  generally  In  accordance  with  the  selected  plan 
described  in  this  report,  provided  that  the  local  sponsor  fulfills  the 
Items  of  local  cooperation.  The  project  would  have  an  estimated  total 
cost  if  =>.’7.000,  with  a  Federal  cost  of  $1,767,000  and  a  non-Federal 
cost  of  $lh0,000. 


Edward  G.  Rapp 

Colonel,  Corps  of  Engineers 

District  Engineer 
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1.00  SUMMARY 


MAJOR  FINDINGS  AND  CONCLUSIONS 


1.01  The  goal  of  the  selected  plan  for  the  Devils  Lake  Section  205  flood 
control  project  is  to  satisfy  specific  needs  of  the  study  area  and  to  show  a 
positive  contribution  to  the  objectives  of  national  economic  development  (NED) 
and  environmental  quality  (BQ).  Plan  B  has  been  designated  as  the  selected, 
NED,  and  least  environmentally  damaging  plans. 


1.02  Plan  B  would  provide  flood  protection  up  to  a  water  surface  elevation  of 
1440  feet  msl  (feet  above  mean  sea  level).  Three  embankment  structures  would 


be  needed:  at  the  head  of  Creel  Bay,  west  of  the  city  of  Devils  Lake,  and 
south  of  the  city.  Interior  drainage  facilities  would  be  located  north  and 
south  of  the  existing  city  sewage  lagoons.  A  land  management  plan  to  regulate 
future  development  is  also  part  of  the  plan.  Wetland  areas  would  be  created 
or  maintained  at  the  head  of  Creel  Bay,  the  interior  drainage  areas,  and  near 
the  south  embankment.  Disturbed  areas  would  be  revegetated  after 


construction. 


1.03  The  selected  plan  has  a  benefit/cost  ratio  of  5.0  and  is  considered 
lmplementable.  (See  other  sections  of  this  detailed  project  report  for  a  more 
complete  description  of  the  selected  plan.) 


1.04  The  selected  plan  is  considered  to  be  in  compliance  with  Executive  Order 
11990,  Protection  of  Wetlands,  because  it  does  not  cause  unacceptable  wetland 
impacts.  Because  the  land  management  plan  helps  regulate  future  floodplain 
development,  the  selected  plan  is  also  considered  to  oomply  with  Executive 
Order  11988  on  Floodplain  Management. 


1.05  Discharge  of  fill  In  Devils  Lake  is  covered  by  the  nationwide  permit 
program  of  the  Corps  of  Engineers  (33  CPR  330.4,  Federal  Register,  July  22, 
1982,  Vol.  47,  No.  141).  Beoause  the  speoial  conditions  for  the  nationwide 
permit  will  be  followed,  a  Seotion  404(b)(1)  evaluation  and  State 
certification  are  not  required. 


j 
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RELATIONSHIP  TO  ENVIRONMENTAL  PROTECTION  STATUTES  AND  OTHER  ENVIRONMENTAL 
REQUIREMENTS 


1.06  Table  1  describes  the  relationship  of  applicable  environmental 
regulations  to  the  feasible  alternatives  that  were  developed  in  detail.  (See 
the  alternatives  sections  of  this  assessment  and  the  main  report  for 
discussions  of  plans.) 
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,?.00  NEED  FOR  AND  OBJECTIVES  OF  ACTION 


STUDY  AUTHORITY 


2.0 1  On  October  3,  1979,  the  Devils  Lake  Basin  Joint  Water  Management  Board 
requested  that  the  Corps  of  Engineers  investigate  the  feasibility  of 
implementing  flood  control  measures  at  Devils  Lake,  North  Dakota.  In  February 
’980,  the  St.  Paul  District  of  the  Corps  completed  a  reconnaissance  report 
teat  concluded  flood  control  measures  were  potentially  feasible  and  that 
recommended  more  detailed  studies.  This  detailed  project  report  has  been 
prepared  in  response  to  that  recommendation  under  authority  of  Section  205  of 
the  1948  Flood  Control  Act,  as  amended. 

PUBLIC  CONCERNS 

2.02  Through  meetings,  reports,  and  correspondence,  local  Interests  and 
various  government  agencies  Identified  the  following  concerns:  controlling 
floodplain  development,  controlling  flooding  caused  by  rising  lake  levels, 
improving  water  quality,  controlling  wetland  drainage,  and  preserving  wildlife 
habitat,  aesthetic  values,  recreation,  and  cultural  resources. 


PLANNING  OBJECTIVES 

2.03  The  primary  planning  objective  of  this  project  is  to  develop  an 
implementable  plan  with  an  acceptable  level  of  protection  against  rising  lake 
levels  and  with  minimal  or  no  environmental  impacts. 


2.04  Alternative  plans  were  developed  and  evaluated  in  terms  of  national 
economic  development,  environmental  quality,  regional  development,  and  other 
social  effects.  The  economic  health  of  the  city  and  the  health  and  security 
of  its  inhabitants  were  also  major  considerations. 


I 


3.00  ALTERNATIVES 

3.01  Seven  alternatives  were  developed  and  studied  to  varying  degrees  of 
detail  during  the  course  of  this  study.  As  the  study  progressed,  it  became 
evident  that  only  the  embankment  alternatives  would  be  implementable.  Each  of 
the  alternatives,  including  the  no  action  alternative,  is  summarized  below. 
More  detailed  discussions  are  in  the  main  report. 

NO  ACTION  (WITHOUT-PROJECT  CONDITIONS) 

3.02  The  following  is  a  description  of  the  most  probable  future  "without- 
project"  conditions. 

1.  It  is  not  possible  to  predict  future  lake  levels,  but  the  recent 
trend  has  been  toward  higher  levels. 

2.  Emergency  actions  would  be  taken  if  necessary  to  protect  existing 
developments. 

3.  Wetland  drainage  in  the  immediate  project  area  would  probably  not  be 
significant,  but  adjacent  watersheds  might  experience  substantial  losses. 

4.  The  existing  sewage  treatment  facilities  would  not  be  relocated,  but 
the  treated  wastewater  may  be  spread  on  land  to  reduce  water  quality  impacts 
at  Creel  Bay. 

5.  Both  residential  and  Industrial  development  would  continue  and 
possibly  be  located  in  the  historic  lakebed  or  floodplain. 

6.  Wildlife  habitat  in  the  area,  which  is  primarily  grassland,  would 
continue  to  degrade  beoause  of  grazing  and  urban  development. 

7.  Impacts  to  cultural  resources  would  oontinue  to  ocour  because  of 
cultivation  and  deterioration  oaused  by  flooding  of  sites  in  the  floodplain. 
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8.  Social  cohesion  would  continue  within  the  community  and  interest 
groups. 

PLANS  NOT  CONSIDERED  IN  DETAIL 

Nonstructural  Plan 

3.03  The  nonstructural  plan  would  require  evacuation  of  all  structures  that 
suffer  first-floor  flooding  under  a  specific  flood  elevation.  Depending  on  the 
elevation  of  protection,  this  plan  would  require  acquisition  of  property  worth 
between  >14,000,000  and  $60,000,000.  The  sewage  treatment  facilities  either 
would  have  to  be  relocated  or  protected  by  levees.  The  high  cost  and  the  lack 
of  economic  feasibility  made  this  plan  unimplementable.  In  addition,  because 
of  the  uncertainties  surrounding  the  elevation  that  requires  protection,  this 
option  would  be  socially  controversial.  All  historic  properties  affected  by 
the  non-structural  plan  would  have  to  be  evaluated  for  their  eligibility  to 
the  National  Register  of  Historic  Places.  If  any  properties  were  determined 
eligible,  a  mitigation  plan  would  be  developed  for  all  eligible  properties 
affected  by  the  plan. 

Road  Raise 


3.04  Early  in  the  stage  2  planning  for  this  project,  one  alternative  was 
considered  that  Involved  the  raising  of  the  road  west  of  the  existing  sewage 
lagoons.  Further  investigations  showed  that  other  alternatives  would  be  less 
costly  and  Just  as  effective,  and  that  they  would  be  socially  and 
environmentally  acceptable.  Therefore,  the  road  raise  alternative  was  dropped 
from  further  consideration. 


PUNS  CONSIDERED  IN  DETAIL 

3.05  During  stage  2,  it  become  evident  that  the  most  desirable  plans  from  the 
standpoint  of  economics  end  looal  acceptability  would  involva  embankments  at 
Creel  Bey  and  various  locations  around  the  olty.  Four  alternative  levels  of 
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protection  were  proposed.  These  plans  are  displayed  in  the  main  report  and 
are  discussed  in  the  following  sections. 

Measures  Common  to  All  Detailed  Plans 

3.06  All  of  these  plans  would  require  interior  drainage  facilities  both  north 
and  south  of  the  existing  wastewater  treatment  lagoons.  A  pump  station  would 
be  located  at  Creel  Bay.  Hydrio  (wet)  conditions  would  become  established  In 
both  of  these  ponding  areas  because  of  the  operation  of  the  ponds.  A  wetlar  j 
with  a  maximum  depth  of  about  1.6  feet  would  be  maintained  in  the  north 
holding  pond.  This  wetland  would  filter  the  drainage/sewage  water  and  would 
help  Improve  the  water  quality  of  Creel  Bay. 

3.07  An  existing  65-acre  wetland  west  of  the  sewage  lagoons  is  frequently 
used  to  hold  treated  sewage  water.  As  part  of  the  proposed  project,  notches 
would  be  cut  at  an  elevation  of  about  1*128  feet  msl  in  the  dike  that  contains 
the  wetland.  These  notches  would  make  it  possible  to  use  the  wetland  for 
ponding  interior  drainage  water  and  to  maintain  its  wetland  values  for 
waterfowl.  The  total  area  of  the  wetland  would  neither  be  increased  nor 
decreased. 

3.08  A  land  management  plan  would  be  a  component  of  all  alternatives. 
Because  the  level  of  flood  protection  provided  by  the  project  cannot  be 
identified,  it  Is  prudent  to  control  development  in  the  flood-prone  areas. 
The  plan  is  being  developed  by  local  Interests  in  cooperation  with  the  State 
Water  Commission,  the  Federal  Emergency  Management  Agency,  and  the  Corps  of 
Engineers.  The  land  management  plan  would  be  a  part  of  the  looal  cooperation 
agreement. 

3.09  The  city,  in  cooperation  with  the  State  Public  Health  Department  and 
U.S.  Environmental  Proteotion  Agenoy,  is  investigating  the  potential  for 
spreading  the  interior  dralnage/sewage  water  on  land.  This  land-spreading 
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appears  to  be  an  acceptable  alternative  to  discharge  into  Creel  Bay  and  should 
help  improve  the  Creel  Bay  water  quality.  This  measure  would  be  compatible 
with  the  selected  plan. 

3.10  The  road  west  of  the  sewage  lagoons  would  be  maintained  in  its  present 
condition  with  all  of  these  alternatives. 

Plan  A 


3.11  This  plan  would  protect  the  city  from  lake  levels  up  to  1435  feet  msl. 
It  would  require  a  1,100-foot-long  embankment  with  a  top  elevation  of  1440 
feet  msl  at  Creel  Bay.  Total  cost  of  plan  A  would  be  about  $i, 530, 000,  with  a 
benefit-cost  (B/C)  ratio  of  4.6. 

Plan  B 


3.12  This  plan  would  protect  the  city  from  lake  levels  up  to  1440  feet  msl. 
It  would  require  three  embankments  with  a  top-of-structure  elevation  of  1445 
feet:  a  2,400-foot-long  embankment  south  of  the  airport,  a  2,900-foot-long 
embankment  at  the  head  of  Creel  Bay,  and  a  3,100-foot-long  embankment 
southeast  of  the  lagoon  area.  An  existing  40-acre  wetland  south  of  the  city 
would  require  construction  of  a  new  outlet.  The  new  outlet  would  be  at  the 
same  elevation  as  the  existing  one.  Total  cost  of  plan  B  would  be  $1,920,000, 
with  a  B/C  ratio  of  5.0. 

Plan  C 

3.13  This  plan  would  protect  the  city  from  lake  levels  up  to  1445  feet  msl. 
The  top  elevation  of  the  embankments  would  be  1450  feet.  Plan  C  would  require 
a  16, 000- foot- long  embankment  at  Creel  Bay  and  a  7,200-foot-long  embankment 
south  of  the  lagoon  area.  This  plan  affeots  the  same  wetland  area  as  plan  B. 
Plans  C  and  0  require  removal  of  a  portion  of  small  woodland  area.  In 
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addition,  the  embankment  on  the  west  end  of  the  city  would  be  in  a  U.S.  Fiah 
and  Wildlife  Service  wetland  easement.  Total  coat  of  plan  C  would  be  about 
♦5,097,000,  with  a  B/C  ratio  of  2.0. 


Plan  D 


3. 11*  This  plan  would  protect  the  city  froa  lake  levela  up  to  1450  feet  aal. 
The  top-of-structure  elevation  would  be  1445  feet.  Plan  D  would  require  an 
almoat  continuous  e  -bankment  around  the  south  and  southwest  portions  of  the 
city.  An  additional  puap  station  and  interior  drainage  pond  would  be  required 
south  of  the  city.  Additional  wetlands  and  upland  grassland  areas  would  be 
affected  south  of  the  city.  Plans  C  and  D  require  removal  of  a  portion  of  a 
snail  woodland  area.  Total  cost  of  plan  D  would  be  about  $8,800,000,  with  a 
B/C  ratio  of  1.2. 

4.00  AFFECTED  ENVIRONMENT 

4.01  The  3,700-square-mile  Devils  Lake  basin  is  an  interior  drainage  basin 
(from  which  no  water  has  flowed  out  in  hlstorio  times)  in  northeast  oentral 
North  Dakota.  Surfloial  deposits  in  the  Devils  Lake  region  are  entirely 
glacial  drift,  ranging  from  10  to  400  feet  thick.  The  glacial  till  is 
predominantly  ground-up  Pierre  shale  and  limestone.  Many  pothole  depressions 
(formed  by  the  melting  of  ice  blocks)  dot  the  landscape.  Post-glacial 
lacustrine  deposits  of  sand,  silt,  day,  and  gravel  form  the  bed  of  the  Devils 
Lake  system. 

4.02  Agricultural  activities  have  drastically  altered  the  terrestrial  ecology 
of  the  Devils  Lake  basin.  The  project  area  is  in  Ramsey  County,  whioh  has 
about  80  percent  of  its  land  devoted  to  agricultural  uses  (table  2). 
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Table  2  -  Land  Use  Characteristics  of  Ramsey  County,  North  Dakota^ 


Land  Use 

Acres 

Percent 

Cropland 

66 1 , 900 

79.0 

Pasture 

83,800 

10.0 

Water 

40,200 

4.8 

Wetland 

23,400 

2.7 

Urban 

20,100 

2.4 

Woodland 

8,900 

1.1 

Totals 

838,300 

100.0 

^  Based  on  preliminary  data  from  North  Central  Forest  Experiment  Station, 
U.S.  Forest  Service,  St.  Paul,  Minnesota. 

4.03  Land  use  in  the  project  area  is  primarily  urban,  pasture,  and 
agricultural.  Wetland  habitat  Is  present  In  Creel  Bay,  at  the  sewage  lagoons 
and  holding  ponds,  and  to  the  south  and  west  of  the  city. 

VEGETATON  AND  WILDLIFE  RESOURCES 

* 

4.04  The  project  area  is  primarily  upland  grassland  and  wetland  ranging  from 
open  water  to  emergent  vegetation.  The  upland  areas  are  urban,  residential, 
and  agricultural  pastureland.  The  pastureland  is  vegetated  with  milkweed, 
buf faloberry ,  sagebrush,  Canada  thistle,  foxtail  barley,  curly  dock, 
buckbrush,  sunflower,  and  various  grasses  and  sedges. 

.4  4.05  Th  wetland  habitat  In  the  project  area  consists  of  the  sewage  lagoons, 

)  holding  ponds,  Creel  Bay,  and  some  natural  marsh  areas.  The  vegetation  of 

these  areas  includes  cattail,  bulrush,  sedges,  alkallgrass,  curly  dock, 
j  kockla,  and  prairie  cordgrass. 
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4.06  The  wildlife  value  of  the  pastureland  is  rather  limited  because  of  the 
urban  surroundings  and  grazing.  These  areas  provide  nesting  and  refuge,  and 
they  therefore  complement  the  adjacent  wetlands.  The  wetland  areas  have  good 
wildlife  value,  especially  for  waterfowl. 

4.07  There  are  251  species  of  birds  in  the  Devils  Lake  basin.  Of  these,  128 
species  are  associated  with  wetland  and  prairie  habitats,  which  have  been 
severely  reduced  by  intensive  agricultural  practices.  The  basin  is  one  of  the 
most  important  waterfowl  production  areas  in  the  State.  It  serves  as  a  major 
staging  area  during  duck  and  goose  migration.  Native  prairie,  when  found  in 
combination  with  wetlands,  forms  an  ecosystem  that  supports  diverse  and 
abundant  wildlife  populations.  These  associations  are  found  in  the  project 
area  and  provide  wildlife  values.  But  because  of  the  urban  nature  of  the 
area,  these  prairie-wetland  associations  are  not  equal  in  value  to  those  in  a 
more  rural  setting. 

4.08  The  bald  eagle  and  peregrine  falcon  are  the  only  Federally-listed 
endangered  species  that  may  occur  in  the  project  area.  The  presence  of  the 
falcon  in  the  basin  is  very  rare.  However,  the  bald  eagle  migrates  through 
the  area  in  the  spring  and  fall,  and  it  can  be  found  in  and  around  the  waters 
of  Devils  Lake.  The  bald  eagle  does  not  nest  in  the  basin,  however. 

4.09  No  federally-listed  threatened  or  endangered  plants  are  located  in  the 
project  area,  but  a  plant  listed  as  rare  in  North  Dakota,  a  Illinois 
brundleflower  (Desmanthus  lllinoensls).  is  found  within  a  mile  of  the 
embankment  that  would  be  south  of  town.  This  plant  is  found  in  sandy  soil 
along  lakes  (W.T.  Barker,  G.  Larson,  and  R.  Williams,  "Rare  and  Unique  Plants 
of  North  Dakota,"  North  Dakota  State  University). 

WATER  QUALITY 

4.10  Analysis  of  Devlla  Lake  indicates  that  the  water  generally  oontains 
excessive  levels  of  hardness,  total  dissolved  solids  (TDS),  sulfate,  and  pH. 
Metals  suoh  as  barium,  boron,  and  lithium  also  present  oooasional  water 
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quality  problems.  Runoff  froa  agricultural  operations  i a  the  major 
contributor  to  the  metals  and  TDS  concentrations.  High  levels  of  nitrates  and 
phosphates,  although  naturally  ocourring,  also  result  from  livestock  and 
cropland  erosion. 

4.11  The  city  of  Devils  Lake  discharges  stormwater  runoff  and  treated 
wastewater  from  its  sewage  lagoons  into  Creel  Bay.  Although  this  sewage  water 
meets  State  standards,  it  contains  high  levels  of  nutrients,  particularly 
nitrogen  and  phosphorous,  which  further  deteriorate  the  water  quality  of  Creel 
Bay  and  Devils  Lake.  The  city,  in  cooperation  with  the  State  Public  Health 
Department  and  the  O.S.  Environmental  Protection  Agency,  is  currently  studying 
the  feasibility  of  land-spreading  these  wastewaters.  Eliminating  this 
discharge  would  improve  the  water  quality  of  Creel  Bay  and  would  be  more 
acceptable  from  a  recreational  standpoint.  Elimination  of  the  discharge  would 
also  benefit  the  public  health  and  aesthetics  of  the  area. 

RECREATION  RESOURCES 

4.12  Devils  Lake  is  the  moat  important  water-based  recreation  area  in  eastern 
North  Dakota.  Fishing  and  other  water-oriented  activities  provide  a  major 
economic  resource  for  the  local  economy  and  are  very  Important  to  the  overall 
well-being  of  the  area.  Major  game  fish  species  of  the  lake  Include  northern 
pike,  walleye,  white  bass,  orappie,  and  yellow  perch.  Creel  Bay  provides  fair 
spawning  habitat  for  walleye  and  pike  but  is  considered  good  for  crappie, 
bass,  and  perch.  The  Devils  Lake  area  is  also  one  of  the  best  waterfowl 
hunting  areas  in  the  State  and  is  a  valuable  economic  asset  to  the  local 
economy. 

SOCIAL  ENVIRONMENT 

4.13  As  the  largest  city  (1980  population  7,442)  in  the  Devils  Lake  basin  and 
the  only  one  larger  than  1,000  residents  to  grow  in  the  last  decade,  Devils 
Lakes  serves  as  an  important  regional  oenter  for  agrioultural  aervloe, 
retirement,  and  recreation. 
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4.14  Much  of  the  city's  recent  connerclal  and  residential  growth  is  in  the 
area  that  would  be  threatened  by  a  continued  rise  in  the  lake  level.  Part  of 
this  area  lies  outside  the  city  limits,  in  Creel  Township. 

4.15  The  areas  where  embankments  would  be  constructed  are  1  to  2  miles  beyond 
the  developed  urban  area.  The  eastern  embankment  would  be  near  a  small 
subdivision,  and  the  other  embankments  would  be  near  only  a  few  homes. 

4.16  Although  the  Devils  Lake  Basin  Joint  Water  Management  Board  requested 
this  Corps  study,  the  eventual  local  sponsor  may  be  the  city  of  Devils  Lake. 
The  board  would  continue  to  support  this  study,  however,  and  will  actively 
pursue  a  long-range  solution  for  fluctuating  lake  levels.  The  city,  Creel 
Township,  and  the  board  all  have  legal  authority  to  finance  water  resource 
projects  and  to  participate  in  floodplain  management.  Both  the  city  and  the 
township  participate  in  the  federal  Flood  Insurance  Program.  (Since  Creel 
Township  manages  its  portion  of  the  floodplain,  the  city  does  not  exercise  its 
extraterritorial  authority  in  that  area.)  The  State  of  North  Dakota  is  also 
actively  involved  with  the  study.  The  State  Water  Commission  is  assisting  in 
the  revision  of  floodplain  ordinances.  The  State  also  claims  title  to 
property  below  the  meander  line  of  the  lake.  The  State  plans  to  transfer 
title  for  project  purposes,  but  the  city  anticipates  paying  private  owners  who 
believe  they  have  legitimate  claims  to  that  land. 

4.1?  Although  the  city  can  use  different  methods  to  finance  the  project  (and 
to  allocate  those  costs  among  its  taxpayers),  property  in  Devils  Lake 
currently  (1981)  has  the  highest  mill  rate  levy  of  any  oity  in  the  State. 

CULTURAL  RESOURCES 

4.18  In  compliance  with  Section  106  of  the  National  Historic  Preservation  Act 
of  1966,  the  National  Register  of  Historic  Plaoes  has  been  oonsulted.  As  of 
May  18,  1983,  the  projeot  area  had  no  sites  listed  on  the  National  Register. 
The  projeot  has  been  coordinated  with  the  North  Dakota  State  Historic 
Preservation  Offioer  and  the  National  Park  Servioe. 


4.19  During  September  1 99 1  *  a  cultural  resources  literature  and  records 
search  and  review  and  a  field  reconnaissance  survey  of  the  project  area  were 
conducted.  No  historic  or  prehistoric  sites  were  recorded.  However,  there  is 
a  high  potential  for  sites  in  the  surrounding  area.  At  least  15  prehistoric 
burial  mounds,  2  prehistoric  occupation  sites,  and  5  historic  cultural  sites 
are  near  the  project  area.  The  location  and  probability  of  identifying  sites 
are  affected  by  the  fluctuating  lake  levels. 


4.20  The  Devils  Lake  basin  began  filling  with  water  around  13,500  BP  (before 
present).  The  water  level  of  glacial  Devils  Lake  stabilized  at  1453  feet  msl. 
It  may  have  remained  at  this  level  for  a  long  period  (800  to  4000  years). 
Around  12,800  BP,  the  water  level  of  the  lake  declined  because  the  glacial 
meltwater  that  fed  it  was  diverted  into  glacial  Lake  Agassiz.  No 
documentation  is  available  on  lake  levels  or  fluctuations  until  historic  times 
(Steven  J.  Fox,  1902,  Excavations  at  the  Irvin  Nelson  Site,  32BE208.  draft 
report  submitted  to  the  U.S.  Fish  and  Wildlife  Service,  Denver,  Colorado). 


4.21  From  1067  to  the  present,  the  varying  levels  of  the  lake  have  been 
recorded.  In  1867,  Devils  Lake  was  at  its  highest  recorded  level,  1438.5  feet 
msl.  From  1890  to  1907,  the  level  stabllzed  between  1428.4  and  1428.8  feet. 
From  then  until  1940,  the  levels  declined.  In  1940,  the  lake  had  its  lowest 
recorded  level,  1401.2  feet.  Since  1940,  the  lake  levels  have  been 
increasing,  with  the  present  lake  level  being  1428-plus  feet  (S.  Fox  1982). 


4.22  Recent  excavations  at  the  Irvin  Nelson  site,  on  the  south  shore  of 
Devils  Lake,  revealed  stratigraphic  evidence  that  the  lake  had  been  at  the 
maximum  1453-foot  line  at  least  once  slnoe  the  early  Holocene  times  (S.  Fox 
1982).  Evidence  in  core  samples  from  the  bottom  of  Devils  Lake  contrastingly 
determined  that  around  6,120  BP  Devils  Lake  completely  dried  up  (Callander, 
1967,  in  S.  Fox,  1982). 
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4.23  As  long  as  the  lake  level  remained  at  1457.1  feet  asl,  Devils  Lake 
flowed  through  Big  Stoney  Spillway  into  the  Sheyenne  River.  When  the  lake 
level  dropped  below  1457.1  feet  but  remained  above  1445  feet,  Devils  Lake 
flowed  through  the  Jerusalem  Outlet  into  Stump  Lake  but  would  not  have  flowed 
on  into  the  Sheyenne  River.  So  once  the  lake  level  fell  below  1457.1  feet, 
the  lake  became  an  internal  closed  system  fluctuating  with  the  varying 
environmental  conditions  (Aronow,  1957,  in  S.  Fox,  1982).  Additionally,  if 
the  lake  level  falls  below  1420.8  feet,  the  salinity  of  the  water  increases, 
with  a  high  level  of  sulphate. 

4.24  Periods  of  lake  level  fluctuations  or  stabilization  and  the  subsequent 
environmental  conditions  associated  with  each  change  also  affected  the  human, 
faunal,  and  floral  populations  that  occupied  the  area  prehistor ically  and 
historically. 


4.25  Our  understanding  of  the  human  occupation  of  the  Devils  Lake  area  from 
prehistoric  to  historic  times  is  limited.  The  Devils  Lake  area  has  probably 
been  occupied  by  people  since  Pleistocene  or  early  Holocene  times,  although 
most  occupational  evidence  comes  from  the  Middle  Woodland  period  (S.  Fox, 
1982).  The  excavations  at  the  Irvin  Nelson  site  (32BE208)  have  yielded  data 
from  these  later  periods. 


4.26  Two  prehistoric  occupations  are  represented  at  32BE208: 


The  earliest  cultural  materials  from  this  site  are  of  Middle  Woodland 
cultural  ascription  and  suggest  a  seasonal  big  game,  bison,  hunting 
focus.  The  Late  Woodland  cultural  level  also  contained  evidence  of  a 
seasonal  flood  procurement  pattern;  however,  these  data  indicate  that  a 
wider  range  of  seasonally  available  resources  were  exploited.  Especially 
noteworthy  is  the  faot  that  the  Late  Woodland  Inhabitants  of  the  site 
made  but  minimal  use  of  the  bison.  Both  Woodland  components  exhibit 
technologies  containing  lithio,  ceramic,  and  bone  artifaots.  Local 
materials  were  widely  used  in  stone  tool  manufacture. 

(S.  Fox,  1982) 
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4.27  Knowledge  of  the  adaptations  and  settleaent  patterns  of  prehistoric 
human  groups  In  the  Devils  Lake  area  is  Just  beginning  to  be  acquired.  Future 
research  into  the  prehistoric  occupations  and  seasonal  use  patterns  of  the 
Devils  Lake  area  will  further  knowledge  of  changes  in  lake  levels  and 
environmental  conditions  over  time,  and  it  will  increase  our  understanding  of 
peoples'  adaptations  to  a  unique  set  of  environmental  conditions. 

4.28  The  history  of  the  Devils  Lake  area  was  also  affected  by  the 
fluctuations  in  lake  levels.  Kurt  Schweigert  (1977,  Historic  Sites  Cultural 
Resources  Inventory  in  the  Devils  Lake  Region,  Central  North  Dakota  Section, 
Garrison  Diversion  Unit,  North  Dakota,  final  report  submitted  to  the  Bureau  of 
Reclamation,  Billings,  Montana,  Contract  No.  14-06-600-1575A),  briefly  summed 
up  the  effects  with  the  following  statement: 

The  fluctuation  of  Devils  Lake  in  historic  times  has  had  a  large  effect 
on  the  economy  and  settleaent  of  the  region.  When  the  area  to  the  north 
of  the  lake  was  surveyed  prior  to  being  officially  opened  for 
homesteading  in  1883,  Devils  Lake  was  a  series  of  four  connected  bays 
twenty-four  miles  long  and  up  to  seven  miles  wide.  Hater  up  to  35  feet 
deep  covered  an  estimated  60,000  acres,  and  was  surrounded  by  180  miles 
of  shoreline  (Simpson  1912:140).  The  lake  was  extensive  and  deep  enough 
to  support  a  thriving  steamboat  operation,  and  several  townsites  were 
specifically  located  to  front  on  the  lakeshore.  Between  1880  and  1910 
the  lake  level  declined  about  12  feet,  and  commercial  navigation  of  the 
lake  was  no  longer  possible.  By  1940  the  lake  consisted  of  two  or  three 
isolated  pools  no  more  than  three  feet  deep,  surrounded  by  sterile 
alkaline  flats.  The  salinity  and  brackishness  of  the  lake  increased  as 
the  lake  receded,  and  by  1932  the  bathing  beaohea  were  closed  at  the 
major  resort  on  the  lake  (Baboook  1952:  21,  96,  104,  142).  Dessication 

of  the  lake  also  led  to  the  decline  of  the  area  as  a  waterfowl  hunting 
resort,  an  industry  which  plays  a  considerable  part  in  the  local  eoonoay. 


Additional  Information 

4.29  Additional  information  about  existing  environmental  conditions  is  in  the 
main  report. 

5.00  ENVIRONMENTAL  EFFECTS 

5.01  This  section  discusses  the  environmental  effects  of  the  four  major 
embankment  alternatives  considered  in  detail  (plans  A,  B,  C,  and  D).  None  of 
the  impacts  associated  with  the  project  would  be  significant.  The  recommended 
alternative  is  plan  B.  Therefore,  the  impacts  of  the  proposed  project  are 
discussed  in  more  detail  in  the  section  on  plan  B.  The  discussions  of  other 
plans  cover  additional  impacts  specific  to  each  alternative. 

PUN  A 

5.02  This  plan  involves  one  embankment  and  a  pump  station  at  the  head  of 
Creel  Bay.  Ponding  areas  would  be  located  both  north  and  south  of  the  sewage 
lagoons.  The  major  Impacts  of  this  plan  would  occur  at  Creel  Bay  and  would 
Involve  aquatic  organisms.  These  impacts  at  Creel  Bay  are  included  in  the 
discussion  of  plan  B. 

5.03  Plan  A  was  surveyed  for  cultural  resources  during  September  1981.  No 
recorded  cultural  resource  sites  are  within  the  areas  affected  by  this 
plan. 

PUN  B  (SELECTED  PUN) 

5.04  This  plan  consists  of  a  system  of  embankments  and  ponding  areas  as 
described  earlier  in  this  report.  A  pumping  station  would  be  located  at  Creel 


5.05  The  upland  areas  where  the  embankments  would  be  located  are  dominated  by 
grazed  and  ungrazed  grass'ands.  After  construction,  the  disturbed  areas  would 
be  reseedei.  Impacts  of  the  embankment  construction  would  be  temporary  and 
minor.  The  embankment  on  the  south  side  of  town  is  near  the  rare  Illinois 
b  i'und  le  flower ,  which  is  listed  as  a  rare  plant  3pecies  in  North  Dakota. 
However,  because  this  flower  is  usually  found  on  sandy  lake  shorelines,  it 
should  not  be  affected  by  plan  B.  An  estimate  of  land  requirements  is  in 
appendix  B. 

5.0o  Overall,  wetland  habitat  would  be  maintained  in  the  area.  A  wetland  on 
the  south  side  of  town  would  have  to  be  diverted  to  the  north,  however.  Water 
levels  in  this  wetland  would  not  be  modified  because  tne  new  outlet  would  be 
at  the  same  elevation  as  the  existing  outlet.  The  ponding  areas  are  presently 
semi -aqua tic  areas  that  would  remain  as  such  with  the  project. 

5.07  A  65-acre  wetland  west  of  the  sewage  lagoons  would  be  preserved  because 
of  the  system  of  dikes  that  surrounds  it.  Notches  would  be  cut  In  the  dike  at 
about  elevation  1U28  feet  so  that  the  wetland  could  be  periodically 
replenished  with  ponding  water  and  so  that  this  area  could  serve  as  additional 
storage.  A  35-acre  wetland  southwest  of  the  sewage  lagoons  would  be  drained 
as  a  result  of  the  project.  The  invert  elevation  of  the  culvert  at  the  north 
holding  pond  would  be  constructed  to  maintain  a  wetland  with  a  maximum  depth 
of  1.6  feet. 

5.08  The  embankment  at  Creel  Bay  would  destroy  some  wetland  habitat  that 
would  be  replaced  with  riprap/grassed  embankment.  Aquatic  organisms  would  be 
destroyed,  but  new  organisms  should  recolonize  the  new  habitat  quickly.  This 
portion  of  Creel  Bay  provides  good  spawning  habitat  for  bass,  perch,  and 
crapple.  Because  the  placement  of  fill  in  water  during  the  months  of  May  and 
June  would  be  detrimental  to  spawning,  it  therefore  is  desirable  to  prohibit 
fill  placement  during  this  period.  If  practical  and  if  no  emergency 
conditions  exist,  this  prohibition  would  be  a  provision  in  the  plana  and 
specifications. 


5.09  Two  borrow  areas  for  fill  material  have  been  identified  for  the  project. 
One  area  consists  of  the  excavated  material  from  two  holding  ponds  south  of 
the  city.  No  impacts  would  result  from  use  of  this  material.  The  other 
borrow  area  is  at  Creel  Bay.  The  surface  material  of  this  crop/grass  area 
would  be  removed  and  replaced  after  subsurface  material  is  excavated.  The 
area  would  then  be  reseeded.  The  Impacts  of  using  this  borrow  area  would  be 
minimal. 

5.10  Because  it  is  not  possible  to  predict  how  high  lake  levels  may  rise,  a 
land  management  plan  is  part  of  the  embankment  alternatives.  This  land 
management  plan  would  regulate  future  developments  and  would  help  reduce 
potential  damages.  The  land  management  plan  is  being  developed  in  cooperation 
with  the  city,  the  State  Water  Commission,  and  the  Federal  Emergency 
Management  Agency. 

5.11  Future  uncontrolled  wetland  drainage  would  influence  runoff,  fish  and 
wildlife  resources,  and  the  capacity  of  the  interior  drainage  facilities. 
However,  most  of  the  potential  drainage  areas  are  to  the  north,  and  it  appears 
to  be  difficult  to' drain  these  areas  across  the  railroad  and  Highway  2 
embankments  into  the  ponding  areas.  In  addition,  some  of  these  wetland  areas 
are  under  U.S.  Fish  and  Wildlife  Service  easements,  and  they  are  therefore 
regulated  against  drainage.  In  any  event,  wetland  drainage  is  discouraged 
because  It" has  significant  fish  and  wildlife  Impacts  and  because  it  influences 
the  time,  rate,  and  amount  of  water  runoff. 

5.12  The  impacts  on  terrestrial  and  aquatic  habitat  and  wetlands  would  be 
/minor.  These  Impacts  are  discussed  earlier  in  this  section. 

5.13  During  construction,  the  contractor  would  be  required  to  follow  good 
management  techniques  and  to  avoid  the  contamination  of  surfaoe  or  ground 
water  and  the  disturbance  of  or  damage  to  fish  and  wildlife  resources.  Solid 
wastes  would  be  removed  from  the  site  and  disposed  of  properly.  Chemicals 


would  be  stored  at  the  site  and  reaoved  from  the  work  area  In  accordance  with 
existing  regulations.  Protection  of  environmental  resources  would  be  a 
component  of  the  plana  and  specifications  for  project  construction. 


Water  Quality  Impacts 

5.14  If  the  ponded  wastewater  and  interior  drainage  water  are  spread  on  land, 
this  action  would  be  compatible  with  the  operation  of  the  alternative.  This 
land-spreading  would  help  Improve  the  water  quality  of  Creel  Bay.  No  health 
problems  appear  to  be  associated  with  spreading  the  water  on  land,  except  that 
livestock  use  would  need  to  be  controlled  immediately  after  spreading. 
Depending  on  the  amount  of  wastewater  involved,  it  may  not  be  economical  to 
spread  the  water  since  there  may  not  be  enough  suitable  land  available.  This 
feature  is  being  coordinated  with  the  city,  EPA,  and  State  Public  Health 
Department.  No  other  water  quality  Impacts  are  anticipated  to  result  from  the 
implementation  of  the  plan. 

Recreation  Impacts 

5.15  Construction  of  trails  on  top  of  the  embankments  at  Creel  Bay  is  being 
Investigated.  These  features  are  being  coordinated  with  the  local  sponsor  and 
would  be  finalized  in  later  planning  stages  if  they  are  incorporated  in  the 
project. 

5.16  The  embankments  would  affect  the  aesthetic  values  of  the  area.  The 
embankments  would  be  revegetated  after  construction,  but  they  may  obstruct 
views  in  some  areas,  especially  at  Creel  Bay  and  near  homes,  and  therefore  may 
be  objectionable  to  people.  The  fill  material  borrow  area  near  Creel  Bay 
would  be  considered  for  beautification  features  such  as  tree  plantings.  These 
features  would  be  compatible  with  project  purposes  and  with  the  desires  of  the 
local  sponsors. 
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Social  Impacts 

5.17  Significant  negative  social  impacts  (in  terms  of  public  health  and 
safety,  and  of  public  facilities  and  services)  would  be  averted  by  the  project 
if  the  lake  rises  to  the  maximum  protected  elevation.  Protection  of  specific 
residences  and  businesses  will  be  supplemental  to  the  primary  benefit  of 
protecting  the  city  sewage  lagoon  from  the  lake  and  the  lake  from  the  lagoon. 

5.18  Substantial  benefits  also  would  result  from  preventing  numerous  home  and 
business  relocations  from  the  areas  that  might  otherwise  flood.  Scarce  energy 
resources  would  be  conserved  by  preventing  flooding  rather  than  moving  (or 
abandoning)  the  structural  Investments  presently  in  the  floodplain. 

Cultural  Resource  Impacts 

5.19  This  plan  was  surveyed  for  cultural  resources  during  September  1 98 1.  Ho 
recorded  cultural  resource  sites  are  within  the  areas  affected  by  this 
proposed  plan. 

5.20  All  borrow  areas  for  the  proposed  selected  plan  will  be  surveyed  by  a 
St.  Paul  District  archeologist  in  June  1983-  If  any  significant  cultural 
resource  sites  are  discovered,  the  St.  Paul  District  will  initiate 
coordination  with  the  North  Dakota  State  Historic  Preservation  Officer  to 
develop  a  mitigation  plan. 

Section  122  Evaluation  Categories 

5.21  The  evaluation  categoriea  identified  in  Section  122  of  the  River  and 
Harbor  Act  of  1970  (Public  Lew  91-611)  have  been  evaluated.  The  environmental 
Impact  assessment  matrix  in  table  3  summarizes  the  impacts  of  plan  B, 
Including  the  Section  122  categories.  Specific  impacts  are  discussed  in  the 
preceding  paragraphs. 
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Compliance  with  Environmental  Regulations 

5.22  Public  Law  96-159.  Endangered  Species  Act  of  1973.  as  Amended  -  In 
compliance  with  the  Endangered  Species  Act,  the  St.  Paul  District,  Corps  of 
Engineers,  has  conducted  coordination  with  the  U.S.  Fish  and  Wildlife  Service 
to  determine  if  any  species  on  the  Federal  list  of  endangered  or  threatened 
species  are  in  the  study  area  and  if  the  proposed  plan  could  have  any  impact 
on  endangered  or  threatened  species.  The  Fish  and  Wildlife  Service  Identified 
the  peregrine  falcon  and  the  bald  eagle,  two  listed  species,  as  being  in  the 
project  area.  The  recommended  plan  components  would  have  no  adverse  effects 
on  the  continued  existence  or  critical  habitat  of  either  species.  (See 
appendix  I  for  the  endangered  species  correspondence). 

5.23  Executive  Order  11990.  Protection  of  Wetlands.  May  24,  1977  -  The  Devils 
Lake  basin  is  in  the  "Prairie  Pothole  Region."  The  basin  is  considered 
significant  waterfowl  production  habitat  for  the  North  American  continent. 
Because  of  this  significance,  the  protection  and  enhancement  of  wetlands  is  an 
important  consideration.  The  development  of  alternatives  tried  to  maintain 
and  improve  wetland  habitat  as  much  as  practical. 

5.24  Various  features  of  the  recommended  plan  would  affect  wetlands. 
However,  existing  habitat  would  be  maintained  or  Improved  as  much  as  possible, 
and  the  wetland  impacts  are  not  considered  signficant. 

5.25  The  recommended  plan  is  considered  the  most  responsive  to  wetlands 
protection  and  enhancement.  It  would  not  result  in  unacceptable  impacts  on 
the  environment  or  wetlands  and  therefore  is  considered  to  comply  with  the 
executive  order  on  wetland  protection.  * 

5.26  Executive  Order  11988,  Floodplain  Management.  May  24,  1977  -  The  city 
of  Devils  Lake  and  Creel  Township  presently  participate  in  the  Federal  Flood 
Insurance  Program.  Although  a  100-year  floodplain  elevation  is  not  known  for 
this  closed  drainage  area,  the  olty  is  working  with  the  Corps  and  the  State 
Water  Commission  to  set  an  arbitrary  elevation  that  will  apply  to  revised 
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toning  ordinances.  The  intent  of  thla  effort  la  to  comply  with  Executive 
Order  11988,  aa  far  aa  possible,  within  the  limitations  imposed  by  the 
uncertainty  about  the  floodplain. 

5.27  Executive  Memorandum,  Analysis  of  Impacts  on  Prime  and  Unique  Farmlands, 
Council  on  Environmental  Quality  Memorandum,  August  30.  1976  -  Much  of  the 
Devils  Lake  basin,  Including  the  floodplain  and  upland  areas,  is  classified  as 
prime  farmland.  Portions  of  the  embankments  would  be  built  in  areas 
designated  as  prime  farmland.  However,  the  commitment  of  prime  farmland  to 
the  construction  of  flood  damage  reduction  structures  is  considered  an 
aooeptable  tradeoff  and  use  of  the  resource. 

5.28  Clean  Water  Act,  aa  Amended  (33  DSC  1251.  et  sag.).  Section  404.  1977 
(Public  Law  95-217)  -  Placement  of  fill  in  the  waters  of  Devils  Lake  is 
authorised  under  the  Corps  of  Engineers  nationwide  permit  program  because 
Devils  Lake  is  a  closed  basin  and  is  not  part  of  a  surface  tributary  to 
interstate  waters  (33  CFR  330.4,  Federal  Register,  July  22,  1982,  Vol.  47,  No. 
141). 

5.29  The  special  conditions  of  the  nationwide  permit  will  be  met,  and  the 
best  management  praotioes  will  be  followed  as  far  as  practical.  The  speolal 
conditions  and  best  management  practloes  are  summarized  below  (33  CFR  330.5 
and  330.6). 

5.30  The  following  speolal  oondltlons  will  be  met: 

1.  Discharge  will  not  oocur  near  a  publlo  water  supply  intake. 

2.  Discharge  will  not  ooour  in  a  shellfish  harvesting  area. 

3.  Discharge  will  not  Jeopardise  a  threatened  or  endangered  speoies 
listed  under  the  Endangered  Speoies  Aot. 
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X.  Discharge  will  not  significantly  disrupt  the  movement  of  aquatic 

life. 

5.  Discharge  material  w'.ll  be  free  of  toxic  materials  in  toxic  amounts. 

6.  Any  fill  will  be  properly  maintained. 

7.  Activity  will  not  occur  in  a  component  of  the  National  Wild  and 
Scenic  River  System. 

8.  Activity  will  not  cause  an  unacceptable  interference  with  navigation. 

5.31  The  following  best  management  practices  would  be  followed  to  the  maximum 
extent  practicable: 

1.  Discharge  into  waters  shall  be  minimized. 

2.  Discharge  in  spawning  areas  during  spawning  seasons  shall  be  avoided. 

3.  Discharge  shall  not  restrict  movement  of  aquatic  species. 

X.  Adverse  impacts  on  aquatic  systems  shall  be  minimized. 

5.  Discharge  in  wetlands  shall  be  avoided. 

6.  Equipment  working  in  wetlands  shall  be  placed  on  mats. 

7.  Discharge  into  breeding  areas  for  migrating  waterfowl  shall  be 
avoided. 

6.  Temporary  fills  shall  be  removed. 
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5.32  Because  the  special  conditions  and  best  management  practices  listed 
above  will  be  followed,  as  required  by  the  nationwide  permit  program,  a 
Section  404(b)(1)  evaluation  and  State  certification  are  not  required  for  this 
project. 

Fish  and  Wildlife  Coordination  Act 


5.33  The  Bismarck  Field  Office  of  the  U.S.  Fish  and  Wildlife  Service  believes 
that  the  selected  plan  has  merit,  and  they  have  no  major  objections  to  its 
implementation.  Their  Coordination  Act  Report  makes  a  number  of 
recommendations.  The  complete  text  of  this  report  is  in  appendix  I  of  the 
detailed  project  report.  A  summary  of  the  recommendations  and  the  method  of 
incorporating  them  into  the  selected  plan  is  presented  in  appendix  I  and  the 
main  report. 

PLAN  C 

5.34  This  plan  is  similar  to  plan  B  except  that  plan  C  provides  flood 
protection  to  elevation  1445  msl  and  therefore  requires  higher  and  longer 
embankments. 

5.35  The  impacts  of  plan  C  are  basically  the  same  as  those  of  plan  B,  although 
with  some  additional  impacts.  The  embankment  south  of  town  would  require 
clearing  some  natural  woodlands  that  may  require  mitigation.  The  embankment 
at  Creel  Bay  would  be  one  continuous  structure  passing  through  two  wetland 
areas.  The  impacts  on  a  wetland  south  of  Creel  Bay  could  be  minimized  by 
placing  new  outlet  structures  at  existing  outlet  elevations.  The  west  end  of 
the  control  structure  would  pass  through  a  wetland  regulated  by  a  U.S.  Fish 
and  Wildlife  Service  easement.  Because  use  of  this  wetland  is  controlled  by 
Federal  law,  mitigation  (which  could  Include  replacement  or  structural 
modification)  would  be  required. 

5.36  Aesthetic  impacts  associated  with  plan  C  would  be  greater  than  those  of 
plan  B  because  of  the  increased  size  of  the  etoankaents. 


EA-26 


5.37  Plan  C  has  not  been  surveyed  for  cultural  resources  because  It  was 
introduced  as  an  alternative  after  the  initial  survey  work  was  completed. 
Since  plan  C  is  not  considered  feasible,  further  cultural  resources  work  is 
unnecessary. 

PLAN  D 

5.38  This  plan  is  similar  to  plans  B  and  C,  except  that  plan  D  protects  to  an 
elevation  of  1450  feet  msl.  This  level  of  protection  would  require  almost 
continuous  embankments  west  and  south  of  the  city.  An  additional  pump  station 
and  ponding  area  would  be  required  at  the  south  embankment. 

5.39  The  impacts  of  plan  D  are  similar  to  those  of  plans  B  and  C,  but  it 
would  have  some  additional  impacts.  The  second  pump  station  and  ponding  area 
would  change  the  existing  vegetative  cover  to  a  more  hydric  (wet)  composition. 
The  type  of  vegetation  would  depend  on  the  frequency  and  duration  of  water 
storage  in  the  ponding  area. 

5. 40  The  additional  embankments  would  affect  both  upland  and  lowland 
habitats.  Aesthetic  impacts  would  also  increase  because  of  the  larger  size  of 
the  embankments.  '* 

5.41  This  alternative  was  not  evaluated  in  detail  because  it  was  not 
seriously  considered  in  stage  3  planning. 

5.42  Like  plan  C,  plan  D  has  not  been  surveyed  for  cultural  resources  beoause 
it  was  introduced  as  an  alternative  after  the  initial  survey  work  was 
completed.  Since  plan  D  is  not  considered  feasible,  future  cultural  resources 
work  is  unnecessary. 

NATIONAL  ECONOMIC  DEVELOPMENT  AND  ENVIRONMENTAL  QUALITY  PLANS 

5.43  The  national  eoonomio  development  (NED)  plan  is  the  plan  that  has  the 
greatest  net  eoonomio  benefits.  Of  the  alternatives  considered,  plan  B  (which 


provides  flood  protection  to  a  lake  elevation  of  1440  feet  msl)  would  have  the 
maximum  benefits. 

5. s4  The  environmental  quality  (EQ;  plan  is  the  alternative  that  makes  the 
greatest  net  environmental  con tr ib at  ion.  Plans  A  through  D  are  basically 
similar  and  have  increasing  impacts  as  the  level  of  flood  protection 
increases.  Both  plans  C  and  D  would  adversely  affect  a  U.S.  Fish  and  Wildlife 
wetland  easement;  and,  In  general,  these  two  plans  have  greater  impacts  on 
both  aquatic  ani  terrestrial  resources.  Plan  A  has  the  least  environmental 
impact,  but  plan  B  includes  measures  to  maintain  wetlands,  to  reseed  disturbed 
a-eas,  to  develop  a  land  management  plan,  to  discourage  wetland  rainage,  and 
to  prov  lie  for  the  p .3sible  land-spread  ing  of  interior  drainage  and  sewage 
water.  Therefore,  plan  B  is  designated  the  least  environmental  iy  damaging 
p  lan. 

6.00  PUBLIC  INVOLVEMENT 

6.0'  The  3t.  Paul  District,  Dorps  of  Engineers,  has  coordinated  the  proposed 
Devils  Lake  Section  2 06  flood  control  project  with  the  U.S.  Fish  and  Wildlife 
Service,  U.S.  Soil  Donservation  Service,  U.S.  Environmental  Protection  Agency, 
North  Dakota  Public  Health  Department,  North  Dakota  Sane  and  Fish  Department, 
North  Dakota  State  Water  Commission,  National  Park  Service,  North  Dakota 
Historic  Preservation  Office,  North  Dakota  State  Archaeologist,  and  other 
interested  agencies  and  Individuals.  No  significant  project-related  issues 
have  been  identified  to  date. 

6. D2  The  draft  assessment  and  detailed  project  r-  port  will  be  distributed  to 
concerned  agencies  and  the  interested  public  for  review  and  comment.  All 
comments  received  during  this  review  period  were  considered  during  the 
preparation  of  the  final  report. 
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APPENDIX  A 
ECONOMIC  BENEFITS 


FLOOD  THREAT 

The  rising  water  levels  in  Devils  Lake  have  created  a  serious  flood 
threat  to  the  city  of  Devils  Lake,  North  Dakota.  The  lake  fell  from 
about  1446  feet  msl  (feet  above  mean  sea  level)  in  the  year  1830  to 
elevation  1401  feet  in  the  year  1940.  Since  the  year  1940,  the  lake  has 
risen  in  an  irregular  sawtooth  manner  to  elevation  1428  feet  in  1963*  As 
discussed  in  the  main  report,  there  is  evidence  the  lake  has  varied  from 
nearly  dry  to  about  1457  feet  during  the  last  several  thousand  years. 
The  elevation  of  the  natural  outlet  through  East  Devils  Lake,  Stump  Lake, 
and  Tolna  Coulee  to  the  Sheyenne  River  is  1457.1  feet  (Bureau  of 
Reclamation  data). 

Much  of  the  development  from  1940  through  the  1970's  took  place  on  the 
former  lakebed  that  became  available  when  the  water  levels  declined 
during  the  first  half  of  this  century.  This  land  was  flat,  inexpensive, 
and  easily  developed.  It  was  also  made  easily  accessible  by  the 
construction  of  new  and  improved  highways.  There  is  a  substantial  amount 
of  this  newer  development,  and  it  would  be  threatened  first  by  the  rising 
lake  levels.  Much  of  the  older  development  lies  near  or  above  the 
elevation  of  the  natural  outlet  of  the  lake  and  is  therefore  not 
threatened  by  flooding.  However,  before  the  natural  outlet  elevation 
would  be  reached,  access  to  the  older  parts  of  the  oity  would  be  cut  off. 
The  Soo  Line  and  Burlington  Northern  Railroad  tracks  and  the  major  roads 
entering  the  city  would  be  inundated  by  water  levels  less  than  the  outlet 
elevation. 
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FUTURE  LAKE  LEVELS 


The  long-term  rise  and  fall  of  the  lake  is  not  well  understood.  Some  of 
the  possible  causes  include  long-term  changes  in  climate,  changes  in  land 
use,  drainage,  and  ground-water  effects. 

Significant  evidence  indicates  long-term  changes  in  climate  between  warm, 
dry  periods  and  cool,  wet  periods.  When  the  lake  is  below  the  elevation 
of  its  natural  outlet,  changes  in  climate  could  cause  the  lake  level  to 
fluctuate.  Analysis  of  sediment  samples  Indicate  the  lake  has  gone 
through  several  high/low  water  cycles  in  the  last  6,000  years.  Analysis 
of  beach  strands,  cultural  artifacts,  and  tree  stumps  confirms  these 
cycles  for  the  last  2,000  years.  Evidence  Indicates  the  lake  has  varied 
from  dry  to  between  elevations  1455  and  1460  feet.  This  theory  is 
consistent  with  the  hypothesis  that  long-term  changes  in  climate  caused  a 
period  of  frequent  floods  on  the  Red  River  of  the  North  in  the  early 
1800's,  a  period  of  infrequent  floods,  and  then  the  more  frequent  floods 
in  recent  years. 

Another  possible  cause  for  the  fluctuations  in  lake  levels  is  the  change 
in  land  use.  Much  of  the  land  was  changed  from  prairie  to  cultivated 
land  with  the  settlement  of  the  late  1800's  and  early  1900's.  Some  of 
the  land  has  been  drained  in  connection  with  the  change  of  land  use. 
These  changes  would  result  in  an  increased  run-off  rate  and  quantity, 
which  in  turn  would  contribute  to  a  rise  in  lake  levels.  Although 
changes  in  land  use  may  be  a  contributing  cause,  it  is  probably  not  the 
principal  cause.  Changes  in  ground-water  levels  are  probably  another 
indicator  of  the  factors  causing  the  lake  level  to  change  rather  than  a 
cause  of  the  lake-level  ohanges.  The  geology  of  the  area  is  not 
appropriate  for  the  transfer  of  significant  amounts  of  water  into  or  out 
of  the  Devils  Lake  basin. 

Because  the  cause  of  the  fluctuating  lake  levels  is  not  well  understood 
and  beoause  the  period  of  record  for  meteorological  and  hydrologioal  data 
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is  very  limited  compared  to  the  length  of  the  trends  for  changing  lake 
levels,  a  stage/ frequency  relationship  is  discussed  In  appendix  D. 
Because  this  relationship  could  not  be  developed,  the  traditional 
benefit-cost,  ratio  analysis  that  uses  discharge  or  stage  frequency-damage 
relationships  was  precluded. 

ECONOMIC  FEASIBILITY 

There  is  no  certainty  that  the  lake  will  continue  to  rise.  However,  it 
has  risen  to  much  higher  elevations  several  times  before.  Standard 
project  flood  inflow  to  the  lake  would  cause  the  lake  to  rise  about  18 
feet  above  its  present  elevation  (see  appendix  D).  Since  the  economic 
damages  that  would  result  from  higher  lake  levels  are  significantly 
greater  than  the  cost  of  constructing  flood  control  measures  to  these 
levels,  it  appears  pi udent  to  construct  the  measures. 

In  order  to  increase  the  understanding  of  the  economic  feasibility  of 
implementing  flood  control  measures,  economic  data  were  collected  and 
analyzed  in  terms  of  three  scenarios  for  future  lake  levels. 

This  analysis  shows  the  sensitivity  of  the  economic  feasibility  to  the 
rate  of  increase  of  the  lake  levels.  It  also  shows  the  economic 
feasibility  of  the  plans  relevant  to  each  other  and  is  an  aid  for 
selection  of  a  recommended  plan. 

An  inventory  of  all  property  by  5-foot  increments  from  elevation  1426 
feet  msl  up  to  elevation  1455  feet  was  developed.  The  inventory  was 
broken  down  by  residential  urban  and  non-farm  rural,  commercial  urban  and 
non-farm  rural,  and  public  damages.  The  following  assumptions  were  made: 

1.  The  cost  of  moving  household  goods  from  the  residential 
structures  in  imminent  danger  of  flooding  was  not  included. 
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2.  The  coat  of  demolishing  or  moving  abandoned  structures  would  be 
offset  by  their  salvage  value. 

3.  The  value  of  the  land  for  the  non-farm  rural  residential  and 
commercial  structures  was  not  Included. 

b.  The  value  of  the  land  for  the  mobile  home  parks  was  Included  in 
the  value  of  the  commercial  mobile  home  parks.  However,  not  all 
mobile  homes  are  located  in  these  parks.  The  cost  to  move 
a  mobile  home  was  assumed  to  be  $1,000. 

5.  The  loss  of  business,  loss  of  non-removable  equipment,  and 
moving  expenses  for  commercial  properties  are  for  the  surveyed 
properties  only.  About  64  percent  of  the  commercial  properties 
were  surveyed. 

6.  Once  the  water  level  reaches  the  first-floor  elevation  of  the 
structure,  the  structure  and  land  would  no  longer  have  utility. 

7.  The  October  1981  values  were  updated  to  October  1982  values 
based  on  the  ENR  building  cost  index. 

8.  Flood  damages  would  begin  at  elevation  1429  feet  and  continue  to 
elevation  1455  feet.  The  natural  outlet  of  the  hain  of  lakes 
to  the  Sheyenne  River  is  at  about  elevation  1457  feet. 

Assumptions  1,  3,  4,  5,  and  6  result  in  conservative  damage  figures  and 
were  made  because  of  lack  of  data.  Assumptions  2,  7,  and  8  represent  our 
best  estimate  and  are  at  an  appropriate  level  of  detail  for  the  purposes 
of  this  analysis.  Additional  eoonomlc  data  collection  and  analysis  could 
reduce  the  number  of  assumptions.  However,  this  additional  effort  would 
not  be  cost-effective.  Table  A-1  and  figure  A-1  are  summaries  of  flood 
damage  data.  Table  A-2  lists  publio  and  commercial  properties  at  or 
below  elevation  1440. 


Three  scenarios  of  future  lake  levels  were  developed.  Scenario  1  1s  an 
extrapolation  of  the  approximate  peaks  on  the  stage  hydrograph  from  19^0 
to  1980.  Scenario  2  In  an  extrapolation  of  the  approximate  means  for 
this  period,  and  scenario  3  is  an  extrapolation  of  the  approximate 
troughs  for  this  period.  Figure  A-2  shows  these  scenarios  superimposed 
on  the  stage  hydrograph  for  the  lake.  It  was  assumed  that  the  damages 
for  each  5-foot  increment  are  uniformly  distributed  over  that  increment. 
For  example,  if  it  took  10  years  for  the  lake  to  rise  5  feet,  10  percent 
of  the  total  damages  for  the  5-foot  rise  would  occur  each  year.  The 
present  value  of  the  damages  associated  with  each  year's  rise  in  lake 
level  above  the  previous  year's  level  was  calculated  and  accumulated  for 
each  scenario.  Sample  calculations  are  shown  on  page  A-10. 
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CUMULATIVE  DAMAGES,  MILLIONS 


■■  RESIDENTIAL -VALUE  OF  STRUCTURE  8  LAND 

Mi  COMMERCIAL  -  VALUE  OF  STRUCTURE,  LAND,  LOSS 

OF  BUSINESS,  LOSS  OF  NON-REMOVABLE 
_  EQUIPMENT,  MOVING  EXPENSES 

(HH  PUBLIC  PROPERTY 


earn 


1430 

1435 

1440  1445  1450  1455 

ELEVATION 

DEVILS  LAKE  205 
NED  BENEFITS 

FIGURE  A- 1 


APPROXIMATE  EL 


According  to  scenario  1,  the  water  surface  would  be  at  elevation  1430 
feet  in  the  year  1983*  Since  damages  begin  at  elevation  1429  feet  and 
the  project  would  not  be  completed  until  1984,  it  was  assumed  that 
existing  or  somewhat  improved  emergency  protection  measures  would  protect 
the  threatened  property  until  the  project  Is  completed.  The  lake  would 
rise  from  elevation  1430  feet  in  the  year  1983  to  elevation  1455  feet  in 
2033  in  a  linear  manner.  Figure  A-3  shows  the  calculation  of  damage  if 
the  lake  rises  according  to  scenario  1. 

According  to  scenario  2,  the  lake  would  rise  from  elevation  1430  feet  in 
the  year  1991  to  elevation  1455  in  2041.  Figure  A-4  shows  the 
calculation  of  damages  for  scenario  2. 

According  to  scenario  3,  the  lake  would  rise  from  elevation  1430  feet  in 
the  year  2000  to  elevation  1455  in  2050.  Figure  A-5  shows  the 
calculation  of  damages  for  scenario  3. 

Table  A -2  is  a  summary  of  the  damages  that  would  occur  according  to  these 
three  scenarios. 

These  scenarios  show  that  constructing  structural  measures  to  protect  the 
city  would  be  economically  feasible  for  a  wide  range  in  the  rate  of 
future  lake  level  increases.  Past  lake  levels  and  the  standard  project 
flood  analysis  indicate  that  these  scenarios  are  reasonable  expectations, 
although  probabilities  of  their  ooourrenoe  could  not  be  calculated. 

There  would  be  no  residual  damages  if  the  lake  does  not  rise  above  the 
level  of  protection  provided  by  the  projeot.  In  the  event  that  it 
appears  the  lake  will  rise  above  the  level  of  protection,  local  or 
Federal  governments  probably  would  take  motion  to  prevent  overtopping  and 
the  associated  residual  damages.  The  most  probable  alternatives  would  be 
construction  of  an  outlet  for  the  lake  or  (using  the  projeot  levee  as  a 
base)  construction  of  a  higher  levee.  The  lake  would  rise  gradually  over 
an  extended  period,  allowing  time  to  implement  either  alternative. 
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AM  AGES  IN  MILLIONS 


2.63  M/YR 


$  1.20 M/YR  |  ,8  m/yR 


PLAN 

A 

B 

C 

D 

ELEVATION 

1430 

1435 

1440 

1445 

1450 

YEAR 

1983 

1993 

2003 

2013 

2023 

CUM  PV  DAMAGES 

I2.I7M 

12.57 

14.82 

18.66 

19.50 

COST 

— 

$  I.53M 

2.81 

5.10 

8.80 

B/C  RATIO 

— 

8  22 

5.27 

3.66 

2.22 

FOR  AN  INTEREST  RATE  OF  7-5/8%,  COMPOUNDED  AWUALLY, 
BASE  YEAR  1982. 


DEVILS  LAKE 
SCENARIO  NO.  I 
DAMAGE  DISTRIBUTION 


FIGURE  A-3 
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Table  A- 3 

Sample  Calculation,  Cumulative  Present 
Value  Of  Damages,  Scenario  1 
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Year:  1983 

Elevation:  1430  feet  msl 

Damages,  el.  1426  to  1430:  $2.34M  (from  table  A-1) 

Time  increment:  1  year  (years  beyond  base  year  at  1982) 
Damages/year  during  this  year:  $2.34M/year 
Present  value  of  damages  during  this  increment:  $2.17M 
Cumulative  present  value  of  damages:  $2.17M 

Year:  1993 
Elevation:  1435 

Damages,  el.  1430  to  1435;  $16.4M  (from  table  A-1) 

Time  increment:  10  years  (years  to  rise  from  1430  to  1435) 
Damages/year  during  this  inorement:  $1.64M/year 
Present  value  of  damages  during  this  increment:  $10.40M 
Cumulative  present  value  of  damages:  $2.17M  ♦  $10.40  s  $12.57M 

Year:  2003 
Elevation:  1440 

Damages,  el.  1435  to  1440:  I7.37M 

Time  inorement:  10  years  (years  to  rise  from  1435  to  1440) 
Damages/year  during  this  increment:  I7.37M/10  years  »  $0.74M/year 
Present  value  of  damages  during  this  Inorement:  I2.25M 
Cumulative  present  value  of  damages:  I12.57N  ♦  $2.25 M  •  $14.82M 

M  «  million. 
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DAMAGES  IN  MILLIONS 


YEAR 


PLAN 

A 

B 

C 

0 

ELEVATION 

1430 

1435 

1440 

1445 

1450 

YEAR 

1991 

2001 

2011 

2021 

2031 

CUM.  P.V.  DAMAGES 

1  21 

6  99 

8  24 

10.37 

10.84 

COST 

— 

$  I.53M 

2.81 

5.10 

8.80 

B/C  RATIO 

- 

457 

2  93 

2.03 

1  23 

FOR  AN  INTEREST  RATE  OF  7-S/ 8%,  COMPOUNDED  ANNUALLY, 
BASE  YEAR  1982. 


DEVILS  LAKE 
SCENARIO  NO. 2 
DAMAGE  DISTRIBUTION 
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FIGURE  A-4 
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PLAN 
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C 

D 

ELEVATION 

1430 

1498 

1440 

1448 

1490 

YEAR 

2000 

2010 

2020 

2030 

2040 

CUM  PV  DAMAGES 

$0.82  M 

3.60 

4.28 

8.38 

5.89 

COST 

— 

$I.S3M 

2.81 

5.10 

8.80 

B/C  RATIO 

- 

2.98 

LSI 

I.OS 

0.64 

FOR  AN  INTEREST  RATE  OF  7-5/81,  COMPOUNDED  ANNUALLY, 
BASE  YEAR  1982. 


DEVILS  LAKE 
SCENARIO  NO.  3 
DAMAGE  DISTRIBUTION 


A-14 


FIGURE  4-8 


UPDATED  ECONOMIC  DATA 
FOR  THE  RECOMMENDED  PLAN 


Table  A-5  shows  the  updated  benefits  and  costs  and  the  calculations  for 
the  updated  benefits  of  the  recommended  plan  (plan  B). 

Table  A-5 

Updated  Economic  Data  For 
The  Recommended  Plan 

Benefits 

The  following  graph  shows  the  damages  for  scenario  2,  plan  B  (design 
water  surface  elevation  of  1440  feet  *sl),  7-7/8  percent  interest  rate 
compounded  annually,  base  year  1984. 


YEAR 


Elevation 

1430 

1435 

1440 

Tear 

1991 

2001 

2011 

Present  Value  of  Damages 

$1 .38M 

87.02M 

$1 .48M 

Accumulative  Present  Value 

$1 .38M 

88.40M 

I9.88M 

of  Damages 


Costs 


Updated  costs  are  converted  from  May  1993  to  October  1982  levels  using 

ENR  construction  index  (0.9566  factor). 

May  1983  Cost  $1,973,000 

October  1982  Cost  $1,887,000 

Calculations  For  Updated  Benefits 

1.  Year:  1991 

Elevation:  1430 

Damages,  elevation  1426  to  1430:  $2.34M  (from  table  A-1,  Oct.  82 

values) 

Present  value  of  damages  during  this  Increment:  Assumes  damages 
occur  in  1991,  7  years  after  project  would  be  completed  in  the  base 
year  ( 1  984  ). 


P  s  A  =  2.34M  =  $1 .38M 

(1+i)n  < 1 .07875 )7 


Year:  2001 
Elevation:  1435 


Damages,  elevation  1430  to  1*135:  $16. 4M  (from  table  A—  1 ,  Oct.  82 

values) 

This  increment:  10  years  (years  to  rise  from  1430  to  1435) 
Damages/year  during  this  increment:  $1.64M/year 
Present  value  of  damages  during  this  increment: 


Year 

Amount 

Years 

Past 

1984 

Present 

Value 

1991 

$1.64M 

7 

$0.965M 

1992 

..64 

8 

0.894 

1993 

1.64 

9 

0.829 

1994 

1.64 

10 

0.768 

1995 

1.64 

11 

0.712 

1996 

1.64 

12 

0.660 

1997 

1.64 

13 

0.612 

1998 

1.64 

14 

0.567 

1999 

1.64 

15 

0.526 

2000 

1.64 

16 

0.488 

Present 

value  of  damages 

= 

I7.021M 

P  =  _ 

$1.64M 

(1. 07875  )n 


Elevation:  1440 

Damages,  elevation  1435  to  1440:  $7.4M  (from  table  A- 1 ,  Oct.  82 

values) 

Time  increment:  10  years  (years  to  rise  from  1435  to  1440) 
Damages/year  during  this  increment:  $0.?4M 
Present  value  of  damages  during  this  increment: 


Years 

Past 

Present 

Year 

Amount 

im 

Value 

2001 

A0.74M 

17 

I0.204M 

2002 

0.74 

18 

0.189 

2003 

0.74 

19 

0.175 

2004 

0.74 

20 

0.162 

2005 

0.74 

21 

0.151 

2006 

0.74 

22 

0.140 

2007 

0.74 

23 

0.129 

2008 

0.74 

24 

0.120 

2009 

0.74 

25 

0.111 

2010 

0.74 

26 

0.103 

Present 

value  of  damages  a 

*1.484M 

P  a  fO.'j 

r4M 

< 1 .07675)° 
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PRELIMINARY  COST  ESTIMATES 
FOR  ALTERNATIVE  PLANS 

DEVILS  LAKE,  NORTH  DAKOTA,  FLOOD  CONTROL  PROJECT, 
MARCH  1982  PRICE  LEVELS 


Plan  A.  Design  Water  Surface  Elevation  1435  Feet 


Embankment 

$335,000 

Channels 

4,000 

Pumping  Plant 

951,000 

Engineering  and 

Design 

158,000 

Supervision  and 

Administration 

91,000 

Real  Estate 

61,000 

1,600,000 

Plan  B.  Design  Water  Surface  Elevation  1440  Feet 


Embankmen t  $  1 , 307 , 000 
Channels  4,000 
Pumping  Plant  951,000 
Engineering  and  Design  249,000 
Supervision  and  Administration  162,000 
Real  Estate  134,000 

2,807  ,000^ ) 


Plan  C.  Design  Water  Surface  Elevation  1445  Feet 


Embankment  $3,263,000 
Channels  4,000 
Pumping  Plant  951,000 
Engineering  and  Design  401,000 
Supervision  and  Administration  290,000 
Real  Estate  188,000 

5,097,000 


(1)  This  plan  was  recommended  for  construction.  In  the  last  stage  of 
planning,  the  plan  was  refined,  and  a  more  detailed,  revised  cost 
estimate  was  prepared. 
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DISPOSITION  FORM 

*e*  e *  *  •  *•»•%  if  AW  140  >5,  »>»»•*•«*  tfwy  <■  T  ACC  IN. _ _ 

.  .  .f  \.  »  1/ 

,  r3_  |  Preliminary  Real  Estate  Cost  Estimate,  Section  205 

"  Flood  Control  Study  at  Devils  Lake,  ND 

XK  THRU":  NCDRE-S  (Ditch)S^—  F*°“  c-t  i 

TO:  NCSED-PB  (Fo'sberg)  NCORE-S  12  March  1982 

Z00K/1 j 1/7041 

1.  This  is  in  response  to  your  request  of  5  February  198?  concerning  real  estate 
cost  estimates  on  the  above  subject  project.  The  following  assumptions  were  made 
in  ceternining  the  estimated  right-of-way  costs:  1)  estimated  dam/levee  width  of 
100  feet;  2)  the  easterly  ponding  area  would  encompass  approximately  75±  acres; 

3)  the  State  has  legal  title  to  riparian  lands  necessary  for  the  north  and  south 
per.ainc  areas  and  any  development  on  the  riparian  lands  would  be  above  the 
necessary  ponding  level. 

2.  Based  on  the  maps  and  data  furnished  by  you,  the  estimated  right-of-way  costs 
of  acquisition  are:  $61,000  for  top  of  dam  1440;  $134,000  for  top  of  dam  1445; 
$188,000  for  top  of  dam  1450;  and,  $376,000  for  top  of  dam  1455. 

3.  •'  L-'eakdown  of  estimated  costs  is  as  follows: 


Top  of  Dam  Elevation 
Value  of  Part  Taken 
and  Severance 
20*  Contingency 

Total 

Call 


1440 

$50,500 

$10.100 

$60,600 

$61 ,000 


1445 

$111,900 
$  22,380 

$134,280 

$134,000 


1450 

$156,400 

31.280 

$187,680 

$188,000 


1455 

$313,450 

62.690 

$376,140 

$376,000 


4.  These  estimates  are  based  on  the  need  to  acquire  in  fee  or  perpetual  easement 
the  following  acreage: 


Top  of  Dam 

Levee/Dam 

Ponding 


1440  1445  1450 

T75±  1276 i  5T73± 

2201  220±  220i 


Total  Acreage 


224.25 ±  242.61  271.3* 


No  structures  are  to  be  acquired  or  relocated. 


1455 

72.9± 

295i 

367.91 


The  above  estimates  include  no  estimated  costs  for  administrative,  -elocation  of 
puolic  roads,  streets  or  highways,  railroads,  pipelines,  or  public  utilities. 


MICHAEL  C.  ZOOK 
Staff  Appraiser 


Jack  Gordon 


devils  lake,  n.d. 

205  REPORT  -  SUMMARY  OF  CONSTRUCTION  COSTS 
MAY  1983  COSTS 


Federal  First  Coatst 


Embankments 


Creel  Bay  Embankment  $395,000 
Creel  Bay  Tieback  Embankment  113,000 
South  Embankment  138,000 

Dra i nage 


Creel  Bay 
Tieback 

South 

Pumping  Plant 
Borrow  Area  Work 


35,000 

8,000 

3,000 

22,000 

105,000 


Total  Embankment  Work 


$819,000 


T.H.  19 
Service  Road 
Access  Road 
Total  Roads 


25,000 

17,000 

63,000 


105,000 


Pumping  Station 


540,000 


Total  Est.  Federal  Firat  Cost  (Direct) 


$1,464,000 


Engineering  6  Design 


176,000 


Supervision  &  Administration 


Inspect  ion 
Overhead 


66,000 

61,000 


Total  Estimates  federal  First  Costs  (Indirect) 


303,000 


Total  Estimated  Federal  First  Costs  (Direct  6  Indirect)  $1,767,000 
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Unit 


Quantity 


Total 


Unit 

Price 


Federal  First  Costs  (Cont) 
Embankment  s 

Creel  Bay  Embankment 


Remove 


43”  x  27"  C.M.P.A. 

43"  x  27"  C.M.P.A. 

24"  CMP 

57"  x  66”  C.M.P.A. 

LF 

l.F 

LF 

LF 

74 

74 

58 

62 

3.00 

3.00 

3.00 

5.00 

222 

222 

174 

310 

Construe  t 

Cof  f erdam 

Stripping  12“ 
Inspection  Trench 
Impervious  Fill 

R  i  prap 

Bi  3d  ing 

Sand  Drain 

Topsoil 

Seeding 

CY 

CY 

CY 

CY 

CY 

CY 

CY 

CY 

Acre 

8,100 

4,460 

5,880 

36,850 

4,040 

2,020 

7,560 

1,490 

3 

2.50 

5.00 

8.00 

2.00 

2  5.00 

15.00 

5.00 

4.50 

900 . 00 

20,250 

22.300 
47,040 
73,700 

101,000 

30.300 
37,800 

6,705 

2,700 

52,277 

Contingencies 

Total  Embankment  Work 

(Creel 

Bay) 

395,000 

Drainage  (Creel  Bay) 

R.C.PA.  36"  x  58"  (2 
R.C.P.  72"  Class  11 
Concrete  Wiers  (2  ea) 

ea  ?  80'  )LF 

LF 

Job 

160 

48 

Sum 

98.00 

145.00 

+** 

15,680 

6,960 

2,000 

End  Sections: 

36"  x  58" 

72" 

Contingencies 

Ea 

Ea 

4 

2 

850.00 

1,180.00 

3,400 

2,360 

4,600 

Total  Drainage  (Creel 

Bay) 

35,000 

w 


Creel  Bay  Tleback  Embankment 
Embankment 


Stripping  6" 
Imperviout  Fill 
Stabilize  Aggregate 
4"  Topaoil 
Seeding 

Remove  24"  CMP 
Contingencies 

Total  Embankment 


CY 

CY 

CY 

CY 

Acre 

LF 


1,990  3.00 

33,835  2.00 

335  12.00 

3,260  4-50 

60  900.00 

70  2.00 


5,970 

67.670 
4,020 

14.670 
5,400 

140 

15.130 


113,000 
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Unit 

Federal  First  Coats  (Cont) 

Creel  Bay  Tieback  Embankment  (Cont) 
Drainage  (Tieback) 


RCP  24" 

End  Section  24" 

Ditch: 

Excavate 
Topsoil 
Seeding 
Cont ingencies 

Total  Drainage  (Tieback) 
South  Embankment 


Remove  42"  CMP  bF 

Stripping  6"  CY 

Impervious  Fill  CY 

Topsoil  4"  CY 

Seeding  Acre 

Contingencies 

Total  Embankment  Work  (South  Embankment) 

Drainage 

CMP  24"  LF 

End  Section*  24"  Ea 

Cont ingencle* 

Total  Drainage  (South  Embankment) 


Quantity 


Unit 

Price 


Total 


LF 

90 

40.00 

3,600 

Ea 

2 

200.00 

400 

CY 

630 

3.00 

1,890 

CY 

115 

4.50 

518 

Acre 

.2 

900.00 

180 

40.00 

200.00 


1,412 

8,000 


LF 

55 

3.00 

165 

CY 

2,600 

3.00 

7,800 

CY 

41,820 

2.00 

83,640 

CY 

4,490 

4.50 

20,205 

Acre 

8.5 

900.00 

7,650 

18,540 

138,000 


2,200 

400 

400 

3,000 


T.H.  19: 

Cranular  Base  ( 

Bituminous  Material  £ 

Contingencies 

Total  T.H.  19 

Service  Road  (East  of  T.H.  20) 

Granular  Base  * 

Bituminous  Material  ' 

Contingencies 

Total  Service  Road 


170 

3,970 


740 

1,070 


12.00 

5.00 


12.00 

5.00 


2,040 

19,850 

3,110 

25,000 


8,800 

5,350 

2,770 

17,000 


Unit 


Borrow  Area  Work 


Area  1 

Job 

Area  2  t 

Stripping  12"  (No  Haul) 

CY 

Topsoil  4”  (Salvaged) 

CY 

Seeding 

Acre 

Area  3: 

Stripping  12"  (No  Haul) 

CY 

Topaoll  (Salvaged) 

CY 

Seeding 

Acre 

Cont ingenc lea 

Total  Borrow  Area  Work 

Pumping  Plant 

Pump  Station  (16,000  gpm) 

Job 

20"  Steel  Discharge  Pipe 

LF 

Catewell 

Job 

72"  Sluice  Cate 

Ea 

72"  RCP  Claas  III 

LF 

72"  RCP  Claaa  IV 

LF 

72"  RCP  Claaa  V 

LF 

72"  End  Section 

Ea 

Headwall 

Job 

72"  Sluice  Cate 

Ea 

Contingencies 

Total  Pumping  Plant 

Quantity 

Unit 

Price 

Total 

Sum 

*** 

5,000 

13,240 

4,410 

8.5 

2.00 

2.00 

400.00 

26,480 

8,820 

3,400 

16,100 

5,370 

10 

2.00 

2.00 

400.00 

32,200 

10,740 

4,000 

14,360 

105,000 

Sum 

*** 

275,000 

180 

150.00 

27,000 

Sum 

*** 

35,000 

1 

25,000.00 

25,000 

30 

160.00 

4,800 

120 

180.00 

21,600 

60 

220.00 

13,700 

1 

1,180.00 

1,180 

Sum 

*** 

44,000 

1 

25 ,000.00 

25,000 

68,220 


540,000 


Drainage 

Excavat ion 

Contingencies 

CY 

Total  Drainage,  Pumping  Plant 

Access  Road 

Stripping 

CY 

Excavation 

CY 

Fill 

CY 

Subbase 

CY 

24"  CMP 

LF 

Bituminous  Pavement  2" 

SY 

Topsoil 

CY 

Seeding 

Contingencies 

Acre 

Total  Access  Road,  Pumping 

Plant 

6,400 

3.00 

19,200 

2,800 

22,000 

740 

3.00 

2,220 

360 

3.00 

1,080 

1,640 

2.00 

3,280 

1,760 

12.00 

21,120 

60 

50.00 

3,000 

3,820 

5.00 

19,100 

770 

4.50 

3,465 

1.4 

900.00 

1,260 

8,475 

63,000 

INTEREST  DURINC  CONSTRUCTION 
(Construction  and  Real  Estate  Costs) 


Months  Before 

Project  Completion 

Monthly 

Expenditure 

SPCAF(1) 

Investment 

Cost 

0 

$278,600 

1 . 0000 

$278,600 

l 

278,600 

1 . 0066 

280,400 

2 

278,600 

1.0132 

282,300 

3 

278,600 

1.0200 

284,200 

4 

278,600 

1.0267 

286,000 

$ 

278,600 

1.0334 

287,900 

6 

0 

1.0403 

0 

7 

0 

1.0471 

0 

8 

20,200 

1.0540 

21,300 

9 

53,500 

1.0610 

56,800 

10 

3,500 

1.0680 

57,100 

11 

53,500 

1.0750 

57,500 

12 

60,000 

1.0821 

64,900 

13 

7,500 

1.0893 

8,200 

14 

7,500 

1.0965 

8,200 

1,927,300(2> 

1,973,400 

Interest  during  construction: 

Total  Investment  cost  $1,973,400 

Total  expenditures  1,927,300 

46,100 

Say  46,000 

^^Single  payment  compound  amount  factor  for  1  through  14  months.  7-7/8 
percent  annual  or  0.66  percent  monthly  interest  rate.  SPCAF“(l+i )n; 
n»number  of  periods,  l>lnterest  rate  for  period. 

^2^Does  not  correspond  to  total  construction  and  lands  cost  of  $1,927,000 
shown  in  main  report  because  of  rounding-off. 


PROJECT  EXPEND! TORE  SCHEDt'I.E 


Construct  stage  2,  4  months 
at  $278,600. 


Clean-up,  land 
scaping,  demobiliza¬ 
tion  *’  nii ‘iiilis  .if 
$278, $00. 
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Accumulated  Expenditure  ($1,000) 


AD-AM7  505  DEVILS  LAKE  HOOD  CONTROL  PROJECT  SECTION  205  DETAILED 
PROJECT  RE  POR HU)  CORPS  OF  ENGINEERS  ST  PAUL  MN  ST  PAUL 
DISTRICT  OCT  83 


EXISTING  CONDITIONS 

Description  of  Watersheds  and  Drainage  Patterns 
Ponding  Areas 
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Accumulated  96-Hour  Hypothetical  ta inf  all  ianunta 
Incroaaatal  Rainfall  Aaouata 


Hourly  Rainfall  Aaeunte  for  Hlatorical  Storm  of  Record  at 
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In tar lor  Watarabod  Charactarlatica 
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Hypothetical  Runoff  Hydrographa,  Araaa  44.  4B  aad  4C 

Hypo tkat leal  Runoff  Hydrographa,  Aroma  41.  SA  and  51 

Runoff  Hydrographa  for  tko  Slater  leal  ken  of  W  Juaa  1994 

Doalga  of  Onlvarta  aad  Gravity  Outlet 

Data  fat  Storauatar  fuape 

hap  pnrfoniaaea  Ckaraetariat&ea 


t  ij pallia i  li  al  aad  Hletotlcal 
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Hunber 

C-l  Interior  Watershed  Boundaries  and  existing  Conditions 

C-2  Interior  Flood  Control  Plan 

C-3  Elevat ion-Area-Storage  Curves,  Borth  food log  Area 

C-4  Elevat lon-Arsa-Storage  Curves,  South  Ponding  Area 

C-5  Elevat loa-Area-Storage  Curves,  East  Ponding  Area 

C-6  Elevation-Area-Storage  Curves,  Landfill  Road  Ponding  Area 

C-7  Elevation-Area-Storage  Curves,  Creel  Bay  Ponding  Area 

C-8  Coeblned  Elevation-Storage  Curve 

C-9  Elevat lon-Danage  Curve,  Devils  Lake,  North  Dakota 

C-10  Point  Rainfall  Depth  ve.  Duration 

C-1L  Point  Rainfall  Depth  va.  Frequency 

C-l 2  Devils  Lake  Punplag  Station-Bead,  Bead-Capacity,  Horsepower- 
Capacity,  and  Peng  Efficiency  Curves 

C-13  Discharge  Rating  Curve,  Culvert  A 

C-l  A  Discharge  Bating  Curve,  Culvert  B 

C-13  Discharge  Bating  Curve,  Gravity  Outlet 

C-16  Extrapolated  Feint  Rainfall  Data  ve.  Duration 

C-17  Pond  Level-Frequency  Curves 

C-18  nonage  Prohahility  Curves 

C-lt  Punplag  Station  Coat-Capacity  Curves 


INTERIOR  FLOOD  CONTROL 


EXISTING  CONDITIONS 

DESCRIPTION  OF  WATERSHED  AND  DRAINAGE  PATTERNS 

The  five  major  areas,  with  two  of  them  further  subdivided,  which  contribute 
runoff  to  the  proposed  protected  area  of  Devils  Lake,  are  delineated  on 
plate  C-l  and  further  defined  In  the  following  paragraphs. 

Area  1  consists  of  the  179.1-acre  area  north  of  Highway  2  about  1  1/2  miles 
northwest  of  Devils  Lake.  Runoff  from  this  area  is  in  a  southwesterly 
direction  and  discharges  under  Highway  2  into  Area  2.  Area  1  is  generally 
quite  flat  with  a  short,  steeper  region  in  the  upper  reaches  of  the  water¬ 
shed.  Land  use  consists  entirely  of  farming. 

Area  2  includes  the  2054.2-acre  area  southwest  of  Highway  2,  north  of  High¬ 
way  19,  and  east  of  the  gravel  road  Just  west  of  the  airport,  plus  a  small 
area  Just  south  of  Highway  19  and  another  small  area  just  west  of  the  gravel 
road.  Runoff  from  the  area  is  generally  to  the  south  and  east  into  the 
North  ponding  area. 

Area  2  slopes  gently  from  the  north  and  west  sides  toward  the  North  ponding 
area.  Elevations  in  the  area  vary  from  a  high  around  1470  in  the  north  end 
to  a  low  of  about  1426.0  in  the  North  ponding  area.  Land  use  consists 
generally  of  farming,  except  for  the  airport  in  the  southwest  corner  and  a 
small  area  of  development  along  the  south  side  of  Highway  2. 

Area  3  consists  of  about  547.3  acres  located  in  the  city  of  Devils  Lake 
itself.  The  area  is  bounded  by  1st  Avenue  and  the  railroad  tracks  on  the 
east.  Highway  2  on  the  south  and  west  and  high  ground  along  the  northwest 
side.  Runoff  from  this  area  is  currently  carried  by  storm  sewer  to  the  south¬ 
west  and  discharges  through  a  72-inch  RCP  into  an  existing  stormwater  pumping 


C-l 


station  located  just  east  of  the  sewage  lagoons.  The  runoff  Is  then 
pumped  into  two  stormwater  detention  ponds  connected  in  series.  For  low 
flows,  the  runoff  discharges  from  the  first  pond  into  the  second  through 
an  18-inch  RCP.  In  turn,  the  runoff  then  flows  from  the  second  pond  into 
a  ditch  through  another  18-inch  RCP.  For  higher  flows,  the  runoff  in  the 
detention  pond  area  flows  through  the  two  18-inch  RCPs  as  well  as  over  a 
series  of  two  riprapped  overflow  weirs.  The  runoff  again  follows  the 
same  sequence  from  the  pumping  station  into  the  first  pond,  over  the  first 
weir  into  the  second  pond,  and  then  over  the  second  weir  into  the  ditch. 

The  ditch  thence  carries  the  runoff  along  the  south  side  of  the  sewage 
treatment  lagoons,  through  the  Landfill  Road  and  Creel  Bay  ponding  areas 
into  Creel  Bay. 

Area  3  slopes  gently  to  the  southwest  with  elevations  ranging  from  about 
1460  in  the  north  end  to  about  1430  along  Highway  2.  The  area  is  almost 
entirely  developed  with  a  mixture  of  residential,  commerlcal  and  industrial 
property.  The  remaining  portion  of  the  city  of  Devils  Lake,  located  to  the 
south  and  east,  is  not  Included  because  runoff  from  this  area  is  handled  by 
a  storm  sewer  and  ditch  system  that  carries  the  runoff  to  the  south  through 
a  scries  of  two  detention  ponds  and  on  into  Devils  Lake. 

Area  4  Includes  the  1289.2-acre  area  bounded  generally  by  Highway  19  and 
the  sewage  lagoons  on  the  north.  Highways  2  and  20  on  the  east,  and  high 
ground  and  the  proposed  embankments  on  the  south  and  west.  This  area  is 
further  subdivided  as  shown  by  the  dashed  lines  on  plate  C-l.  Runoff  from 
area  4A  occurs  to  the  north  and  south  into  the  Creel  Bay  ponding  area  in 
the  center.  Area  4B  runoff  also  flows  to  the  north  and  south  but  into  the 
Landfill  Road  ponding  area. 

Runoff  from  area  4C  discharges  into  the  ditch  along  the  sewage  lagoons  after 
flowing  to  the  ditch  from  the  north  and  south.  Area  4D  runoff  flows  from 
south  to  north  into  the  South  ponding  area,  thence  Into  the  ditch  along  Che 

sewage  lagoons. 


Area  4  is  relatively  flat  with  the  north  portion  sloping  to  the  south 
and  the  south  portion  sloping  to  the  north.  Two  high,  steeper  regions 
exist  in  the  south  ind  east  parts  of  the  area.  Elevations  over  the  area 
range  from  a  high  of  1495  in  the  south  to  a  low  around  1425  west  of  Land¬ 
fill  Road.  The  area  is  largely  undeveloped  or  used  for  farming  with  the 
high  regions  mentioned  above  resident  tally  developed. 

Area  5  consists  of  the  366.4-acre  area  south  of  Highwav  2,  west  of  the 
Croat  Northern  Railroad  tracks,  north  of  the  proposed  south  embankment 
and  east  of  Highway  20.  The  area  is  further  subdivided  as  shown  by  the 
dashed  line  on  plate  C-l.  Runoff  from  areas  5A  and  5B  flows  from  south 
to  north  and  from  east  to  west,  respectively,  and  then  discharges  under 
Highway  20.  The  runoff  from  areas  5A  and  5B  discharges  into  areas  4C  and 
40,  respectively. 

Area  5  generally  slopes  mildly  to  the  northwest  with  elevations  ranging 
from  a  high  of  1465  in  the  middle  to  a  low  of  1430  in  the  north  end.  There 
is  a  small  amount  of  residential  development  along  Highway  20  and  in  area  5A. 
The  remainder  of  area  5  is  undeveloped  or  used  for  farming. 

following  is  a  description  of  how  runoff  from  the  areas  described  above 
combines  and  flows  to  the  line  of  protection.  After  discharging  under 
Highway  2  through  a  36-lnch  RCP  culvert,  the  runoff  from  area  1  flows  across 
area  2  and  combines  with  the  runoff  from  area  2.  As  the  combined  runoff 
from  the  two  areas  accumulates  in  the  North  ponding  area,  the  runoff  dis¬ 
charges  under  Highway  19  through  three  CMP  culverts.  Two  of  the  culverts 
are  27-inch  x  43-lnch  CMP  arches  and  the  third  is  a  24-inch  CMP.  The  run¬ 
off  discharging  under  Highway  19  flows  into  area  4B  and  the  Landfill  Road 
ponding  area. 

Runoff  from  area  5A  discharges  under  Highway  20  through  a  30-inch  RCP  cul¬ 
vert,  flows  across  area  4C  and  combines  with  the  runoff  from  area  4C.  After 


combining,  the  runoff  enters  the  ditch  along  the  sewage  lagoons  and  sub¬ 
sequently  combines  with  the  runoff  from  area  3.  If  the  combined  runoff 
exceeds  the  capacity  of  the  ditch,  the  excess  runoff  temporarily  ponds 
in  the  East  ponding  area.  The  runoff  from  area  3  enters  the  ditch  from 

the  stormwater  detention  ponds  as  previously  explained.  The  ditch  carries 

the  combined  runoff  from  the  three  areas  along  the  south  side  of  the 
sewage  lagoons. 

Runoff  from  area  5B  discharges  under  Highway  20  through  a  30-lnch  RCP  cul¬ 
vert,  flows  across  area  4D  and  combines  with  the  runoff  from  area  4D.  The 

combined  runoff  from  the  two  areas  accumulates  in  the  South  ponding  area 
and  discharges  into  the  ditch  along  the  south  side  of  the  sewage  lagoons. 
Runoff  from  the  five  areas,  3,  4C,  4D,  3A  and  5B,  combines  and  flows  to  the 
west  in  this  ditch.  At  the  southwest  corner  of  the  sewage  lagoons,  the 
combined  runoff  discharges  through  a  60-lnch  CMP  culvert  under  a  ramp  across 
the  ditch.  If  the  capacity  of  the  ditch  or  culvert  is  exceeded,  the  excess 
runoff  temporarily  accumulates  in  the  South  and  East  ponding  areas.  After 
exiting  the  60-inch  CMP  culvert,  the  runoff  enters  area  4B  and  the  Landfill 
Road  ponding  area. 

The  runoff  from  areas  1  and  2  flows  to  the  south  in  a  ditch  along  the  west 
end  of  the  sewage  lagoons  and  discharges  through  five  24-inch  RCP  culverts 
under  a  ramp  across  the  ditch.  The  runoff  existing  the  culverts  combines 
with  the  runoff  from  areas  3,  4C,  4D,  SA  and  5B  and  the  local  area  4B.  The 
combined  runoff  from  the  eight  areas  flows  to  the  west  in  a  ditch  that  angles 
from  the  sewage  lagoons  to  Landfill  Road.  Then  the  runoff  discharges  under 
Landfill  Road  through  a  72-lnch  equivalent  CMP  arch.  The  excess  runoff 
temporarily  ponds  in  the  Landfill  Road  ponding  area  If  the  capacity  of  the 
ditch  or  culvert  is  exceeied.  Under  existing  conditions,  the  runoff  exiting 
the  culvert  under  Landfill  Road  combines  with  the  runoff  from  area  4A  and 
flows  west  Into  Creel  Bay. 


PONDING  AREAS 


There  are  currently  two  ponding  areas  that  are  used  to  store  treated 
sewage  effluent.  One  Is  located  north  of  Highway  19,  and  the  other  Is 
between  the  sewage  lagoons  and  Landfill  Road.  The  city  pumps  the  treated 
sewage  effluent  from  the  lagoons  into  these  ponding  areas  and  stores  it 
there  until  a  favorable  time  to  release  it  into  Devils  Lake.  Once  the 
proposed  Creel  Bay  embankment  is  built,  three  additional  ponding  areas 
will  he  created.  Two  of  the  new  ponding  areas  will  be  located  south  and 
east  of  the  sewage  lagoons,  while  the  third  will  be  located  between  the 
proposed  embankment  and  Landfill  Road.  All  five  of  the  ponding  areas  will 
i.c  used  to  store  stormwater  runoff  after  the  proposed  embankment  is  built. 
Elevat ion-area-storage  curves  for  each  of  the  five  ponding  areas  are  shown 
individually  on  plates  C-3  through  C-7  and  combined  on  plate  C-8.  Under 
design  conditions  for  the  North  ponding  area,  a  conservation  pool  at  ele¬ 
vation  1426.75  will  be  maintained  to  mitigate  the  loss  of  wetlands  in 
other  areas.  Therefore,  plate  C-3  has  an  elevation-storage  curve  for  both 
existing  and  design  conditions.  Any  area  below  elevation  1427.7  in  the 
bermed  area  immediately  west  of  the  sewage  lagoons  is  not  Included  in  the 
elevat ion-area-storage  curves  for  the  Landfill  Road  ponding  area  (plate  C-6) . 
This  area  will  continue  to  be  maintained  as  a  wetland  and  will  be  used  to 
store  treaced  sewage  effluent. 

DAMAGE-ELEVATION  RELATIONSHIPS 


A  damage-elevation  curve  for  the  city  of  Devils  Lake  was  developed  for  the 
purpose  of  defining  flood  damages  from  interior  runoff.  The  curve,  pre¬ 
sented  on  plate  C-9,  was  updated  to  October  1982  price  levels  and  is  based 
on  October  1980  conditions.  The  zero  damage  elevation  for  the  city  of 
Devils  Lake  is  1429.0. 
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SANITARY  SEWERAGE  SYSTEM 


The  present  sanitary  sewerage  system  for  the  city  of  Devils  Lake  conveys 
the  sewage  to  a  lift  station  located  southeast  of  the  intersection  of 
Highway  2  and  4th  Street  South.  This  lift  station  pumps  the  sewage  under 
Highway  2  to  the  city's  sewage  treatment  lagoons  located  about  1,500  feet 
to  the  west.  Both  the  lift  station  and  sewage  treatment  lagoons  are  shown 
on  plate  C- 1 .  Under  existing  conditions,  the  treated  sewage  effluent  is 
released  into  Devils  l.ake  during  favorable  times  of  the  year.  Once  the 
proposed  project  is  built,  the  system  will  operate  in  a  similar  fashion 
except  that  the  released  effluent  will  have  to  be  pumped  over  the  embankment. 
The  amount  of  sewage  effluent  was  not  included  in  the  analysis  performed  to 
determine  the  pumping  station  size.  This  flow  was  not  included  because  the 
sewage  effluent  can  be  released  at  a  time  when  the  ponding  areas  have  been 
pumped  down  to  a  minimum  elevation  and  when  rainfall  is  generally  not 
expected.  In  addition,  the  city  of  Devils  Lake  is  presently  developing 
a  plan  to  land  spread  the  treated  sewage  effluent.  If  this  plan  is  imple¬ 
mented,  the  effluent  will  not  have  to  be  pumped  over  the  embankment. 

FUTURE  DEVELOPMENT 

It  was  assumed  that  relatively  limited  future  development  will  occur  with¬ 
in  the  interior  flood  control  watershed.  Some  development  may  occur  along 
Highway  2  In  the  north  end  of  area  2.  The  city  of  Devils  Lake  Itself, 
area  3,  may  experience  a  small  amount  of  additional  residential  or  commercial 
development  and  the  high  portions  of  areas  4C,  4D  and  5A  may  also  be  developed; 
however,  no  other  land  use  changes  are  anticipated.  In  areas  4 C,  4D  and  5A, 
commerlcal  development  will  tend  to  occur  along  Highway  20,  while  the  re¬ 
mainder  will  be  residential.  As  part  of  the  local  cooperation  agreement, 
the  city  of  Devils  Lake  will  be  required  to  regulate  development  below  the 
project's  design  water  surface  elevation  of  1440.  This  will  restrict  develop¬ 
ment  near  the  ponding  areas  and  pumping  station. 
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LAKE  LEVEL  1 NFURMATION 


A  1  akc  slant-  hvdrograph  Is  Included  as  figure  3  of  the  main  report.  The 
period  of  record  for  which  lake  levels  have  been  recorded  is  too  short 
to  develop  .inv  st  .igi- 1  requency  data  or  show  any  dear  pattern  of  varla- 
t  ion  in  lake  levels.  A  more  extensive  discussion  of  past  water  levels,  some 
based  on  archaeological  and  sedimentological  studies,  is  presented  on  pages  27 
through  30  ,.f  the  main  report.  Additional  discussion  is  in  ar  ix  I),  Hydrology. 

RAINFALL  INFORMATION 

Both  hypothetical  and  historical  rainfall  data  were  investigated  for  the 
design  of  the  interior  flood  control  facilities  and  are  further  discussed 
in  the  following  paragraphs.  References  made  in  the  following  and  sub¬ 
sequent  paragraphs  are  listed  at  the  end  of  this  appendix. 

HYPOTHETICAL  RAINFALL 

Hypothetical  storms  were  developed  for  the  1-,  2-,  3-,  f>- ,  12-,  24-,  48-, 
and  96-hour  duration  rainfall  depths  for  the  100-,  50-,  20-,  10-,  4-,  2-, 

1-percent  exceedence  frequency  and  standard  project  storms  at  Devils  Lake. 

In  addition,  7-  and  10-day  duration  rainfall  depths  for  the  50-,  20-,  10-, 

4-,  7-  and  1-percent  storms  were  also  obtained  for  use  in  the  pumping 
station  probabilistic-economic  analysis.  Rainfall  data  were  obtained 
from  the  United  States  Weather  Bureau  Technical  Reports  Nos.  40  and  49 
(references  a  and  b).  Ralnfal 1 -depth-durat ion-f requency  relations  were 
determined  from  these  data  in  accordance  with  criteria  presented  in 
EM- 11 10-2- 14 10  (reference  c)  and  are  presented  in  table  C-l  and  plates  C-10 
and  C-l I.  The  standard  project  storm  for  the  Devils  Lake  area  was  developed 
in  accordance  with  criteria  presented  in  EM  1110-2-1411  (reference  d)  and 
is  also  shown  in  table  C-l  and  plate  C-10.  Incremental  rainfall  amounts 
for  the  seven  selected  hypothetical  and  standard  project  storms  are  pre¬ 
sented  in  table  C-2. 
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Mistorii.il  rainfall  data  were  obtained  from  the  t'.S.  Department  of 
lo-nncr.o  pub!  irat  ion,  "Climatological  Data"  (reference  e).  Hourly 
rainfall  amounts,  when  available,  were  obtained  for  the  recording  station 
at  Devils  lake.  in  some  instances,  only  daily  rainfall  amounts  were 
available.  If  so,  hourly  rainfall  records  were  obtained  from  nearby 
re.  i  line,  stations  at  C.ando ,  l.eeds,  Sheycnne,  and  Towner.  Amounts  of 
taint. ill  occurring  in  each  hour  of  a  given  storm  at  the  recording  station 
were  lonverted  into  percentages  of  the  total  rainfall  occurring  during 
that  storm.  These  percentages  were  then  applied  to  the  same  storm  at  the 
Devils  lake  weather  station.  Table  C-3  shows  the  hourly  rainfall  amounts 
t  r  the  ten  most  severe  events  at  Devils  hake  during  the  34-year  period 
from  14,4  to  198J.  Runoff  hydrographs  were  developed  only  for  the  most 
severe  event  which  occurred  on  3-6  dune  1936.  Monthly  and  annual  pre- 
iipil.it  ion  data  were  obtained  for  the  107-year  period  from  1870  to  1977. 
The  average  annual  precipitation  is  17.13  inches  with  a  maximum  annual 
amount  of  73.39  inches  in  1921. 

MI  HVDR.KIRAPHS 

l nit  hv.irographs  for  the  interior  watersheds,  shown  in  table  C-3,  were 
developed  using  the  HtC  computer  program  UHCOMP.  The  watershed  character¬ 
istics  required  to  generate  these  unit  hvdrographs  are  shown  in  table  C-4. 
Surface  cover,  watershed  lengths  and  slopes  were  obtained  from  (JSCS  quad 
sheets  and  detailed  topography  of  the  areas.  Flow  velocities  in  each  area 
were  obtained  using  figure  3-1  in  Soil  Conservation  Service  Technical 
Release  No.  33  (reference  f).  Times  of  concentration  were  calculated 
bv  dividing  the  watershed  length  by  the  velocity.  Clark's  method  was  used 
to  generate  the  unit  hydrographs  because  some  of  the  areas,  especially 
areas  1,  2  and  4,  have  rather  long  times  of  concentration.  Clark's 
attenuation  constant,  R,  is  based  in  part  on  data  from  a  similar  basin 
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near  Cooper st own.  North  Dakota.  A  full  description  of  Clark's  method 
appears  in  HEC's  "Hydrograph  Analysts,"  (reference  g) .  The  UHCOMP 
computer  program  also  computes  values  of  Snyder’s  coefficients  Cp  and 
Tp,  which  are  shown  in  table  C-4. 

RUNOFF  HYDROGRAPHS 


Runoff  hvdr  graphs  for  each  of  the  nine  Interior  watersheds  were  generated 
using  the  HEC  computer  program  UHCOMP.  First,  the  UHCOMP  program  takes 
the  hypothetical  hvetographs  or  historical  rainfall  values  and  develops 
rainfall  excess  hvetographs  by  applying  the  selected  losses.  An  Initial 
loss  of  0.')  inch  anti  a  constant  loss  rate  of  0.1  inch  per  hour  were  used. 
The  runoff  hvdr- 'graphs  are  then  obtained  by  applying  the  rainfall  excess 
hvetographs  to  the  unit  hydrographs  described  in  the  preceding  paragraph. 
Runoff  hydrographs  for  the  hypothetical  2-  and  1-percent  and  standard  pro¬ 
ject  storms  are  presented  in  tables  C-6  through  C-S.  Table  C-9  presents 
runoff  hydrographs  for  the  selected  historical  event  of  5-6  Tune  *956. 
Since  limited  future  development  is  expected,  no  differentiation  was  made 
between  runoff  hydrographs  for  existing  and  future  conditions. 

SEEPACK 


Because  the  foundation  materials  are  largely  impervious,  seepage  Is  con¬ 
sidered  to  be  negligible.  Seepage  is  further  discussed  on  pages  68 
through  69  of  the  main  report. 
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ALTERNATIVE  PLANS  CONSIDERED 


GENERAL 

Alternate  Interior  flood  control  plana  were  considered  for  two  major 
areas,  the  proposed  Creel  Bay  embankment  area  and  the  proposed  South 
embankment  area,  of  Devils  Lake.  Several  alternatives  of  a  plan,  con¬ 
sisting  of  the  proposed  Creel  Bay  embankment,  several  culverts,  a 
gravity  outlet  and  a  pumping  station,  were  considered  for  conducting 
flow  to,  through  and  over  the  proposed  embankment.  Three  different 
plans  were  also  examined  to  determine  the  location  of  the  proposed  South 
embankment.  The  alternative  plans  considered  In  each  area  are  further 
discussed  in  the  following  paragraphs. 

PROPOSED  CREEL  BAY  EMBANKMENT 

With  this  plan,  runoff  from  the  interior  watershed  will  flow  to  the  line 
of  protection  generally  as  described  in  the  Existing  Conditions  section. 
After  reaching  the  embankment,  the  runoff  will  discharge  Into  Creel  Bay 
either  through  the  gravity  outlet  or  be  pumped  over  the  embankment  by  the 
pumping  station.  Alternatives  considered  were  concerned  with  which  exist¬ 
ing  culverts,  if  any,  could  remain  in  place,  what  size  the  culverts  under 
Highway  19  and  Landfill  Road  should  be  and  what  sire  the  gravity  outlet 
should  be.  The  only  other  alternative  considered,  which  was  just  slightly 
different  than  the  plan  described  above,  involved  building  a  dike  along 
the  north  edge  of  the  South  ponding  area.  With  this  plan,  a  culvert  would 
be  required  from  the  South  ponding  area  to  the  Landfill  Road  ponding  area. 
This  plan  was  considered  because  the  zero  damage  elevation  around  the  South 
ponding  area  Is  higher  and  more  storage  could  be  obtained  by  building  the 
dike.  It  was  later  found  that  sufficient  storage  was  available  without  the 
dike;  therefore,  this  plan  was  eliminated. 
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PROPOSED  SOUTH  EMBANKMENT 


Three  different  locations  were  considered  for  this  embankment.  For 
Plan  1,  the  embankment  would  be  located  on  or  along  the  gravel  road 
south  of  the  city  of  Devils  Lake  and  shown  on  plate  C-l.  A  36-inch 
RCP  gravitv  outlet  and  a  small  pumping  station  with  a  capacity  of 
about  1,000  gpm  would  be  required  with  this  plan. 

With  plan  2,  the  embankment  would  be  located  about  1,000  feet  north  of 
the  gravel  road.  Once  again,  a  36-inch  RCP  gravity  outlet  and  small 
pumping  station,  hut  with  a  capacity  of  1,300  gpm,  would  be  required. 

Also  considered  for  plans  1  and  2  was  a  ditch  and/or  interceptor  system 
that  would  carry  runoff  from  this  area  into  the  South  ponding  area. 

In  plan  3,  the  embankment  would  be  located  about  2,630  feet  north  of 
the  gravel  road  and  would  tie  into  Highway  30  on  the  west  end  and  the 
railroad  tracks  on  the  east  end.  No  gravity  outlet  or  pumping  station 
would  be  required  with  this  plan  because  runoff  from  area  5B  would  flow 
north  and  discharge  into  area  4D  through  an  existing  culvert  under  High¬ 
way  20.  Plan  3  was  selected  because  it  was  found  to  be  significantly 
cheaper  than  plans  1  and  2  since  no  outlet  or  pumping  station  is  required. 

RECOMMENDED  PI.AN 


GENERAL 

The  recommended  interior  flood  control  plan  will  consist  of  two  interior 
culverts,  one  gated  gravity  outlet,  five  designated  ponding  areas,  and 
a  16,000  gpm  pumping  station.  Two  existing  culverts,  one  at  the  south¬ 
west  corner  of  the  sewage  lagoons  and  the  other  along  the  west  side  of 
the  lagoons,  will  have  to  be  removed.  Three  existing  CMP  culverts  under 
Highway  19  will  have  to  be  plugged  or  removed.  Existing  ditches  along 
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the  south  and  west  sides  of  the  sewage  lagoons,  from  the  southwest 
corner  of  the  lagoons  to  Landfill  Road,  and  from  Landfill  Road  to  the 
gravity  outlet  and  pumping  station  will  have  to  be  cleaned. 

A  plan  view  showing  the  location  of  proposed  interior  flood  control 
features  is  presented  on  plate  C-2  and  also  on  plate  1  and  plates  10 
through  13  of  the  main  report.  A  profile  of  culverts  A  and  B  plus  the 
gravity  outlet  is  presented  on  plate  14  of  the  main  report.  Table  C-10 
presents  the  required  size,  length,  elevations  and  other  design  information 
for  the  proposed  interior  culverts  and  gravity  outlet.  The  required 
facilities  are  further  defined  in  the  following  paragraphs. 

DES IGNATED  PONDING  AREAS 

The  designated  ponding  areas  are  defined  on  page  C-S  and  shown  on  plate 

02  and  plates  10  through  12  of  the  main  report. 

INTERIOR  CULVERTS 

Twin  36"  x  58"  RCP  arch  culverts  will  be  required  under  Highway  19.  In 

order  to  maintain  a  conservation  pond  in  the  North  ponding  area,  an  over¬ 
flow  weir  will  be  constructed  across  the  culvert  inlets  as  shown  on 

plate  14  of  the  main  report.  A  72-inch  RCP  culvert  will  be  required 
under  Landfill  Road. 

GRAVITY  OUTLET 

The  proposed  gravity  outlet  is  a  72-inch  RCP  outlet  with  a  gatewell  and 
sluice  gate  located  in  the  proposed  Creel  Bay  embanksient . 

PUMPING  STATION 

A  16,000  gpa  pumping  station,  equipped  with  two  8,000  gpm  pumps,  will  be 
located  adjacent  to  the  gravity  outlet.  The  required  alse  of  pumps,  number 


of  pumps  and  other  design  and  operating  requirements  based  on  standard 
Corps  of  engineers  criteria  are  presented  In  tables  C-ll,  C-12  and  C-13 
and  on  plate  C-12.  A  20-inch,  axial  flow  pump  (per  model  curve  1 8) « 
appears  to  meet  the  design  criteria  most  satisfactorily.  Although  a 
20-tnch  axial  flow  pump  was  Initially  selected  as  the  prototype  pump  In 
the  Devils  lake  pumping  station,  a  submersible  sewage  pump  meeting  the 
same  design  conditions  and  having  certain  operational  advantages  has 
been  selected.  Details  of  the  operational  advantages  and  a  comparison 
of  the  operating  cost  of  the  submersible  pump  are  contained  In  Appendix  P. 
bach  submersible  pump  will  be  equipped  with  a  safety  shutdown  for  motor 
and  seal  failure  and  automatic  control  equipment. 

STATION  LAYOUT 

The  Devils  Lake  pumping  station  will  Include  the  following  facilities: 

a.  A  72-in*h  RCP  connecting  sewer  from  the  Creel  Bay  ponding  area 
to  the  intake  chamber. 

b.  A  manually  controlled  slide  gate  at  the  inlet  of  the  72-tnch 
connecting  sewer. 

c.  An  intake  chamber  with  stop  log  supports  located  at  the  entrance 
to  the  intake  chamber. 

d.  Stop  log  supports  located  between  the  intake  and  pump  chambers. 

e.  Two  separate  sump  chambers,  each  housing  one  pump,  a  trash  rack, 
raking  facilities,  ladders,  and  operating  platforms  to  facilitate  cleaning 
operat ions. 

f.  A  superstructure  housing  the  motors  and  controls  and  providing  an 
operating  room  with  a  deck. 
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r.  A  stop  1  or  storage  area  and  fireproof  storage  container  for  flammable 
materials  above  the  Intake  chamber  at  the  finished  ground  level. 

h.  Hoisting  equipment  to  lower  and  raise  the  submersible  pump. 

1.  Two  pump  discharge  pipes  which  discharge  directly  Into  the  gravity 
out  let  gatewel 1 . 

1 .  A  sump  pump  wi 1 1  be  provided  to  drain  the  station  during  times  when 
the  station  is  not  In  use. 

The  pumping  station  layout  is  based  on  the  most  practical  and  economical 
plan  which  will  provide  good  operating  conditions.  The  stormwater  pump 
chambers  will  be  large  enough  to  accommodate  the  pumps  and  to  provide 
adequate  cycling  and  good  flow  conditions  to  the  pump  Intakes.  Layout 
of  the  floors  and  superstructure  are  based  on  the  minimum  desirable  working 
clearance  required  for  cleanup.  Inspections,  repair,  and/or  removal  of  the 
submersible  pumps,  and  control  equipment.  The  pump  station  will  be  accessible 
to  service  vehicles.  Layout  details  for  the  Devils  Lake  pumping  station  are 
shown  on  plateB  13  through  16  of  the  main  report. 

FLAN  OF  OPERATION 


During  periods  when  Devils  Lake  is  low,  the  sluice  gate  in  the  gravity  outlet 
will  be  open  and  runoff  from  the  Interior  watersheds  will  discharge  directly 
Into  Devils  Lake.  Runoff  from  the  Interior  watersheds  will  generally  follow 
the  same  drainage  patterns  as  previously  described  In  the  Existing  Conditions 
Section  with  the  following  exceptions.  The  combined  runoff  from  areas  1  and 
2  will  discharge  under  Highway  19  through  the  proposed  twin  36"  x  38"  RCP 
arch  culverts  rather  than  the  three  CMP  culverts.  As  this  runoff  flows 
south  In  the  ditch  along  the  west  end  of  the  sewage  lagoons.  It  will  no 
longer  have  to  pass  through  the  five  24-inch  RCP  culverts  under  a  ramp  In 


in  the  ditch  as  the  culverts  will  be  removed.  Likewise,  the  combined 
runoff  froai  areas  3(  4C,  4D,  5A  and  5B  will  no  longer  have  to  pass  through 
the  60- inch  CMP  culvert  under  a  ramp  at  the  southwest  corner  of  the  sewage 
lagoons,  as  this  culvert  will  also  be  removed.  The  combined  runoff  from 
areas  1,  2,  3,  4B,  4C,  4D,  5A  and  5B  will  discharge  under  Landfill  Road 
through  the  proposed  72-lnch  RCP  culvert  that  will  replace  the  existing 
72-inch  equivalent  CMP  arch  culvert.  The  runoff  exiting  the  culvert  under 
Landfill  Road  will  combine  with  the  runoff  from  the  local  area,  4A,  accumu¬ 
late  in  the  Levee  ponding  area  and  eventually  discharge  into  Creel  Bay 
through  the  proposed  72-inch  RCP  gravity  outlet. 

During  periods  when  Devils  Lake  rises  above  elevation  1427. 0,  the  sluice 
gate  in  the  gravity  outlet  will  be  closed,  the  gates  at  the  entrance  to 
the  pumping  station  will  be  opened  and  the  pumps  activated.  The  normal 
operating  range  of  the  pumps  will  be  from  elevation  1425.0  to  1424.0. 
Pump-on  levels  recommended  for  the  two  pumps  are  1424.5  and  1425.0,  and 
pump-off  levels  recommended  are  1424.5  and  1424.0.  The  estimated  cycle 
times  with  one  or  two  pumps  operating  are  7.1  and  16.8  hours,  respectively. 
The  proposed  pump  station  will  be  equipped  for  both  automatic  and  manual 
control  operations. 

Should  the  Interior  pond  level  rise  1  foot  above  or  more  above  the  current 
lake  stage,  the  gravity  outlet  will  be  temporarily  opened.  When  the 
interior  pond  level  recedes  to  the  same  level  as  the  lake,  the  gravity 
outlet  will  then  be  closed  again. 

PROJECT  JUSTIFICATION 

PERFORMANCE  OF  PROPOSED  STORMWATER  SEWERAGE  SYSTEM 

Table  C-14  presents  the  maximum  interior  pond  levels  and  resulting  damages 
which  would  have  occurred  with  existing  and  proposed  conditions  during  a 
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2-,  1-percent  and  standard  project  hypothetical  storms  and  the  largest 
historical  storm  of  record  (presented  In  table  03).  The  maxlmian  pond 
elevations  were  obtained  by  routing  the  selected  rainfall  events  through 
the  selected  ponding  areas,  Interior  culverts  and  the  gravity  outlet. 
Estimated  damages  are  based  on  the  maximum  pond  elevations  and  were 
obtained  from  the  elevation  damage  curve  shewn  on  plate  09.  The  estimated 
interior  ponds  levels  for  the  1-percent  and  standard  project  storm  gravity 
flow  conditions  are  also  presented  in  table  C- 10. 

ENVIRONMENTAL  REQUIREMENTS 

Because  excess  storage  is  available  in  the  north  ponding  area,  the  existing 
Intermittent  wetland  would  be  maintained  as  a  permanent  wetland.  A  weir 
at  elevation  1426.75  would  be  constructed  across  the  Inlet  to  the  culvert 
under  Highway  19  In  order  to  maintain  these  wetlands.  As  described  in  the 
Ponding  Areas  paragraph  on  page  05,  the  bermed  area  In  the  Landfill  Road 
ponding  area.  Immediately  west  of  the  sewage  lagoons,  will  still  be  main¬ 
tained  as  a  wetland. 

JUSTIFICATION  OF  GRAVITY  DESIGN 

As  Indicated  In  table  014,  culverts  A  and  B  and  the  gravity  outlet  are 
more  than  adequate  to  maintain  1-percent  pond  levels  less  than  or  equal 
to  those  with  existing  conditions.  No  damages  would  occur  during  a  1- 
percent  flood  for  either  existing  or  proposed  conditions.  Although 
damages  would  still  occur  during  the  standard  project  storm,  they  are 
significantly  less  than  for  existing  conditions. 
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SELECTION  OK  CATE  CLOSURE  ELEVATION 


A  rei omnie ruled  gate  closure  elevation  of  1427.0  was  selected  because 
closure  at  a  higher  elevation  would  greatly  reduce  the  volume  of  available 
storage  below  the  ?ero  damage  elevation  of  1429.0.  With  a  Rate  closure 
elevation  of  1427.0,  there  is  about  1,106  acre-feet  of  storage  available 
between  elevation  1427.0  and  1429.0.  At  a  lower  gate  .Insure  elevation, 
the  pumping  station  would  have  to  operate  significantly  longer  and  the 
increase  in  available  storage  would  be  negligible. 

WIND  FREQUENCY  INFORMATION 

Wind  frequency  information  is  available  directly  from  the  probabilistic- 
economic  analysis  that  was  performed.  Pond  level  and  estimated  damages, 
for  the  pump  rates  and  hypothetical  storms  considered,  are  shown  in  table 
C-15.  Table  C-16  summarizes  the  required  storage,  pond  ’evel  and  estimated 
damages  for  the  one-percent  event. 

JUSTIFICATION  OF  PUMPING  STATION 

The  recommended  size  of  the  Devils  Lake  pumping  station  is  about  16,000  gpm 
which  based  on  criteria  presented  in  EM  1110-2-3102  (reference  h)  for  a 
two-pump  station  is  equivalent  to  a  design  capacity  of  about  12,000  gpm. 

As  described  in  the  Economic  Evaluation  paragraphs  on  page  C-20  and  as 
shown  on  table  C-16,  the  recommended  station  appears  to  have  the  maximum 
benefit-cost  ratio.  With  a  16,000  gpm  station  capacity,  the  one-percent 
hypothetical  event  will  result  in  a  pond  level  of  1429.64  and  will  require 
an  estimated  1,690  acre-feet  of  storage  which  will  be  removed  in  about 
23.9  days.  A  pond  level  of  1429.64  will  result  in  about  $13,000  in  damages 
to  several  commercial  structures  slong  Highway  2. 
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DESIGN  CRITERIA 


DEGREE  OF  PROTECTION 

The  Devils  Lake  area  is  considered  to  be  Class  II  urban  development,  as 
defined  In  EM  1110-2-1410  (reference  c).  The  design  of  the  gravity  outlet 
and  culverts  for  the  low  lake  level  (gravity)  condition  Is,  therefore, 
initially  based  on  the  Inflow  from  a  2-percent  event.  The  required  outlet 
or  culvert  size  is  subsequently  modified,  if  necessary,  to  limit  Interior 
flood  damages  from  the  standard  project  storm  to  an  acceptable  level. 

The  selection  of  the  required  pumping  station  capacity  Is  based  on  the 
most  economical  combination  of  pumping  rate  and  storage  which  will  also  limit 
residual  flood  damages  to  onlv  rare  occasions  and/or  a  small  magnitude  of 
damages  and  meet  design  criteria  presented  in  EM  1110-2-3102  and  EM  1110-2- 
310b  (references  h  and  1). 

DESIGN  OF  CULVERTS  AND  GRAVITY  OUTLET 


Procedures  outlined  in  EM  1110-345-283  and  TM  5-820-4  (references  j  and  k) 
provide  the  basis  for  the  hydraulic  design  of  the  gravity  outlet  and  culverts. 
The  gravity  outlet  and  culverts  are  to  be  reinforced  concrete  pipe  with  their 
design  based  on  a  Manning's  "n"  value  of  0.014.  Kg  is  assumed  to  be  0.5  for 
both  concrete  headwall  entrances  and  flared  end  sections.  In  the  design  of 
the  gravity  outlet.  Devils  Lake  is  assumed  to  be  low  enough  so  that  It  will 
not  limit  discharge  from  the  outlet.  Pipe  sizes  were  selected  to  maintain 
the  design  water  surface  elevations  near  the  pipe  crown;  however,  at  peak 
discharges,  some  pipes  will  be  under  slight  pressure  heads.  The  gravity  out¬ 
let  will  be  furnished  with  a  safety  guard  at  the  inlet  to  Improve  safety  and 
reduce  debris  deposition  in  the  outlet.  A  sluice  gate  will  be  required  In 
the  gatewell  of  the  gravity  outlet.  In  accordance  with  criteria  presented 
in  paragraph  4-09  and  chart  3  of  EM  1110-2-1410  (reference  c),  a  supplemental 
service  gate  is  not  required  on  the  gravity  outlet.  Discharge  rating  curves 


for  culverts  A  arid  B  and  the  gravity  outlet  are  shown  on  plates  C-13,  C-14 
and  C-13,  respectively. 

HUMP  INC.  Rf.QC  I  Kl.MKN'TS 

The  required  capacity  of  the  pumping  station  was  determined  based  on  a 
probabilistic-economic  analysis  using  the  30-,  20-,  10-,  4-,  2-,  and  1-percent 
hypothetical  storms  and  pump  rates  of  6,000,  9,000,  12,000,  18,000,  24,000, 
30,000,  36,000  and  42,000  gpm.  Because  Devils  Lake  may  remain  high  for  an 
extended  and  undetermined  period  of  time,  the  probability  of  blocked 
gravity  conditions  was  assumed  to  be  100  percent.  Therefore,  the  prob¬ 
ability  of  a  particular  maximum  pond  level  would  be  equal  to  the  probability 
of  the  rainfall  event  that  produced  it.  The  pumping  station  was  assumed  to 
have  two  pumps  of  equal  capacity  with  the  first  pump  starting  at  an  elevation 
of  1424.3  and  the  second  pump  starting  at  an  elevation  of  1423.0.  When  the 
pond  level  recedes  to  an  elevation  of  1424.3,  the  second  pump  shuts  off.  As 
the  pond  level  recedes  further  to  the  minimum  sump  elevation  of  1424.0,  the 
first  pump  shuts  off.  A  probabilistic-economic  analysis  was  considered  be¬ 
cause  insignificant  seepage  is  anticipated. 

The  need  for  a  pumping  station  at  Devils  Lake  is  obvious  based  on  the 
possibility  that  Devils  Lake  may  remain  high  for  an  extended  period  of  time. 

If  no  pumping  station  were  provided,  runoff  would  accumulate  in  the  ponding 
areas  behind  the  levee  and  eventually  inundate  the  city.  Table  C-15  summarizes 
the  maximum  pond  levels  for  the  various  hypothetical  storms  and  pump  rates 
considered,  including  no  pumping. 

The  estimated  maximum  pond  levels  were  computed  using  a  360-hour  runoff 
summation  curve  for  each  of  the  hypothetical  storms.  A  360-hour  (13-day) 
curve  was  used  because  it  takes  about  that  long  for  the  6-hour  storms  to 
discharge  under  gravity  conditions.  It  takes  13  days  because  there  is  limited 
head  and  extensive  storage  available.  Seven-  and  ten-day  duration  rainfall 
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depths  were  obtained  from  the  United  States  Weather  Bureau  Technical 
Report  No.  49  (reference  b) .  The  rainfall  data  were  further  extrapolated, 
as  show  on  plate  C-16,  to  15  days  using  a  common  log  curve  fit  method. 

Next,  the  rainfall  was  broken  down  into  36  ten-hour  Increments  and  re¬ 
arranged  in  a  distribution  as  follows:  6,  4,  2,  1,  3,  5,  etc.  In  this 
distribution,  1  is  the  largest  ten-hour  increment,  2  the  second  largest 
and  so  on.  The  rainfall  was  then  converted  to  rainfall  excess  by  multi¬ 
plying  by  an  assumed  constant  excess  rate  of  70  percent.  Rainfall  excess 
was  then  converted  to  runoff  in  acre-feet  by  multiplying  by  the  total 
i  intributing  watershed  in  acres  and  dividing  by  12.  The  incremental 
runiffs  were  added  to  form  the  runoff  S  curve  and  then  the  curve  was  plotted. 
Each  of  the  various  pump  rates  considered  were  also  plotted  on  the  S  curves. 
For  a  specific  pump  rate,  the  maximum  vertical  distance  between  the  S-curve 
and  the  plotted  pump  rate  equalled  the  storage  required.  Finally,  the 
maximum  pond  level  was  determined  by  finding  the  elevation  corresponding 
to  the  storage  required  on  the  combined  elevation-storage  for  the  five  pond¬ 
ing  areas  (plate  C-8). 

The  estimated  damages  indicated  in  table  C-15  are  based  on  the  maximum  pond 
level  for  each  hypothetical  storm  and  pump  rate  and  the  elevation-damage 
curve  for  the  city  of  Devils  Lake  presented  on  plate  C-9.  The  estimated 
benefits  developed  with  each  selected  pump  rate  are  equal  to  the  difference 
between  the  amount  of  damages  with  and  without  pumping. 

ECONOMIC  EVALUATION 

The  economic  evaluation  consisted  of  determining  pond  level  frequency 
relationships  for  each  selected  hypothetical  storm-pump  rate  combination, 
converting  the  pond  levels  to  damages,  determining  average  annual  pumping 
station  cost  and  average  annual  benefits,  and  selecting  the  size  of  pump¬ 
ing  station  .  Maximum  net  benefits  were  not  used  to  select  the  pumping 
stetlon  size  because  no  station  could  be  justified  based  on  net  benefits. 


As  .1  secondary  measure,  benefit-cost  ratios  were  used  to  select  the  re¬ 
commended  pumping  station  size.  Benefit-cost  ratios  for  the  various  pump 
rates  considered  are  summarized  ' n  table  C-16. 


The  pond  level  frequency  relationships  based  on  the  hypothetical  storms 
considered  and  the  selected  pump  rates  are  presented  on  plate  C— 1 7  and 
summarized  in  table  C— 17.  The  curves  were  obtained  by  plotting  the  maxi¬ 
mum  pond  levels  in  table  C-15  against  the  frequency  of  the  storm  which 
produced  it. 


Damage-frequency  curves  for  the  selected  pumping  conditions  are  presented 
on  plate  C-lh  and  are  based  on  damage-frequency  relationships  presented 
in  table  C-lr>.  Average  annual  damages  are  equal  to  the  area  under  each 
curve.  Average  annual  benefits  are  equal  to  the  difference  between  average 
annual  damages  with  and  without  pumping. 

fcst imated  average  annual  costs  for  the  selected  pumping  station  capacities 
were  obtained  from  a  pumping  cost-capacity  curve  supplied  by  Design  Branch 
and  presented  on  plate  C-19.  Costs  obtained  from  that  curve  were  updated 
to  the  October  1982  level  by  multiplying  the  January  1981  cost  by  the  ratio 
of  the  October  1982  ENR  construction  index  (3876)  divided  by  the  January  1981 
ENR  construction  index  (3350).  All  average  annual  benefits  and  costs  are 
based  on  an  interest  rate  of  7  7/8  percent.  Because  it  is  assumed  all  storm¬ 
water  runoff  must  be  pumped  and  the  pumps  will,  therefore,  operate  much  more 
per  year,  the  annual  cost  of  pumps,  motors  and  valves  is  based  on  a  20-year 
life  rather  than  the  normally  used  life  of  35  years.  The  average  annual 
cost  of  all  other  features  is  based  on  a  100-year  life  expectancy. 

SELECTION  OF  PUMPS 

The  number  and  size  of  pumps  required  are  based  on  criteria  presented  in 
EM  1110-2-1410,  EM  1110-2-3101  and  EM  1110-2-3105  (references  c,  h  and  i, 
respectively).  Sample  computations  for  sizing  the  pumping  station  are 
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shown  in  table  C-13.  The  design  static  head  for  the  Devils  Lake  pumping 
station  is  measured  from  the  crown  of  the  discharge  pipe  at  the  gravity 
outlet  gatewell  to  the  pond  level  where  the  second  pump  will  shut  off. 
Dynamic  heads  are  obtained  by  adding  to  the  static  heads,  friction  losses 
for  the  pipes,  bends,  and  fittings  and  velocity  head  losses  at  the  outlet 
of  the  discharge  pipe.  The  equivalent  length  method  was  used  to  determine 
the  losses  in  bends  and  fittings  based  on  equivalent  pipe  lengths  obtained 
from  data  published  by  the  Crane  Company.  The  equations  used  in  determining 
the  friction  loss  are  as  follows: 

Cast-iron  pipe  and  fittings: 

Hj/100  feet  of  pipe 

Steel  pipe  and  fittings: 

Hf/100  feet  of  pipe 


. 0595V 


1.85 


J. 17 


.0366V 


1.85 


,1.17 


Where : 

•  friction  resistance  of  fluid  in  feet; 

V  •  velocity  in  feet  per  second;  and 
D  -  Inside  diameter  of  pipe  in  feet 

The  equation  for  cast-iron  pipe  is  comparable  to  a  Haren-Wil llama  roughness 
coefficient  of  about  100,  and  the  equation  for  steel  is  comparable  to  a 
roughness  coefficient  of  about  130. 
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Table  C-l 

Accumulated  96-hour  hypothetical  rainfall  amounts 


Rainfall 
durat Ion 
In  hours 

100 

50 

Rainfall 

20 

frequency 

10 

in  percent 

4  2 

1 

SPS 

0.5 

0.56 

0.82 

1.18 

1.45 

1.77 

1.99 

2.23 

2.38 

l  .0 

0.66 

0.99 

1.48 

1.83 

2.26 

2.57 

2.88 

3.23 

1.5 

0.70 

1.04 

1.56 

1.91 

2.36 

2.68 

3.00 

4.01 

2.0 

0.74 

1.09 

1.63 

1.99 

2.46 

2.78 

3.11 

4.79 

2.5 

0.78 

1.14 

1.70 

2.07 

2.55 

2.88 

3.22 

5.46 

3.0 

0.82 

1.18 

1.76 

2.14 

2.64 

2.97 

3.32 

6.08 

3.5 

0.85 

1.22 

1.81 

2.21 

2.72 

3.06 

3.42 

6.64 

4.0 

0.88 

1.26 

1.86 

2.28 

2.80 

3.14 

3.52 

7.05 

4.5 

0.91 

1.30 

1.91 

2.34 

2.87 

3.22 

3.61 

7.44 

5.0 

0.93 

1.34 

1.96 

2.40 

2.94 

3.30 

3.70 

7.77 

5.5 

0.95 

1.37 

2.00 

2.45 

3.00 

3.38 

3.78 

8.07 

6.0 

0.97 

1.40 

2.03 

2.49 

3.05 

3.45 

3.86 

8.34 

8.54 

6 . 5 

8.64 

7.0 

8.72 

7 . 5 

8.79 

8.0 

8.86 

8.5 

8.92 

9.0 

8.97 

9-5 

9.01 

10.0 

9.05 

10.5 

9.08 

11.0 

9.11 

11.5 

12.0 

1.10 

1.60 

2.31 

2.83 

3.44 

3.89 

4.34 

9.14 

18.0 

1.20 

1.71 

2.48 

3.05 

3.71 

4.20 

4.69 

9.53 

24.0 

1.27 

1.80 

2.58 

3.16 

3.83 

4.33 

4.83 

9.68 

48.0 

1.50 

2.11 

3.05 

3.76 

4.55 

5.12 

5.66 

10.82 

72.0 

1.63 

2.31 

3.32 

4.07 

4.94 

5.57 

6.19 

11.40 

96.0 

1.74 

2.49 

3.56 

4.33 

5.25 

5.93 

6.61 

11.56 

t 


Table  C-2 

Incremental  rainfall  amounts 


Rainfall  frequency  In  percent 


Rainfall 
distrlbut ion 


in  hours 

100 

30 

20 

10 

4 

2 

1 

SPS* 

Rainfall  by 

0 . 5-hour 

increments  during 

max imum 

6-hour 

accumulat ion 

0.0-0. 5 

0.02 

0.03 

0.03 

0.04 

0.05 

0.07 

0.08 

0.03 

0.5-1  .0 

0.02 

0.03 

0.04 

0.05 

0.06 

0.08 

0.08 

0.03 

1.0-1  .5 

0.02 

0.04 

0.05 

0.06 

0.07 

0.08 

0.09 

0.04 

1 . 5-2.0 

0.03 

0.04 

0.05 

0.06 

0.07 

0.08 

0.09 

0.06 

2.0-2. 5 

0.03 

0.04 

0.05 

0.07 

0.08 

0.08 

0.10 

0.07 

2. 5-3.0 

0.03 

0.04 

0.05 

0.07 

0.08 

0.09 

0.10 

0.10 

3.0-3. 5 

0.04 

0.04 

0.06 

0.07 

0.09 

0.09 

0.10 

0.27 

3. 5-4.0 

0.04 

0.05 

0.07 

0.08 

0.09 

0.10 

0.11 

0.33 

4.0-4. 5 

0.04 

0.05 

0.07 

0.08 

0.10 

0.10 

0.11 

0.41 

4. 5-5.0 

0.04 

0.05 

0.08 

0.08 

0. 10 

0.11 

0.12 

0.62 

5.0-5. 5 

0.  10 

0.17 

0.30 

0.38 

0.49 

0.58 

0.65 

0.78 

5. 5-6.0 

0.56 

0.82 

1.18 

1.45 

1.77 

1  .99 

2.23 

0.85 

6.0-6. 5 

2.38 

6. 5-7.0 

0.78 

7.0-7. 5 

0.67 

7. 5-8.0 

0.56 

8.0-8. 5 

0.39 

8. 5-9.0 

0.30 

9.0-9. 5 

0.20 

9.5-10.0 

0.08 

10.0-10.5 

0.07 

10.5-11.0 

0.05 

11.0-11.5 

0.04 

11.5-12.0 

0.03 

Rainfall  by 

h-hour  increments 

during  maximum  24- 

hour  accumulation 

0-6 

0.97 

1.40 

2.03 

2.49 

3.05 

3.45 

3.86 

8.34 

6-12 

0.13 

0.20 

0.28 

0.34 

0.39 

0.44 

0.48 

0.80 

12-18 

0.10 

0.11 

0.17 

0.22 

0.27 

0.31 

0.35 

0.39 

18-24 

0.07 

0.09 

0.10 

0.11 

0.12 

0.13 

0.14 

0.15 

Rainfall  by 

24-hour  increments 

i  during  maximum  96-hour 

accumulation 

0-24 

1.27 

1.80 

2.58 

3.16 

3.83 

4.33 

4.83 

9.68 

24-48 

0.23 

0.31 

0.47 

0.60 

0.72 

0.79 

0.83 

1.14 

48-72 

013 

0.20 

0.27 

0.31 

0.39 

0.45 

0.53 

0.58 

72-96 

0.11 

0.18 

0.24 

0.26 

0.31 

0.36 

0.42 

0.16 

*  In  accordance  with  criteria  In  EM  1110-2-1411,  rainfall  amounts  for  the  standard 
project  Btorm  are  rearranged  and  are  for  a  maximum  12-hour  accumulation. 


Table  C-3 


Hourly  rainfall  amounts  for  historical 
storms  of  record  at  Devils  Lake,  North  Dakota 


Rainfall  in  Inches 


16-17 

5-6" 

11-12 

10-11 

28 

19-20 

22 

11-12 

4 

25 

Aug 

Jun 

Jul 

Aug 

Jul 

Jun 

Jun 

Jun 

Jul 

Aug 

Date 

1955 

1956 

' 

1957 

1962 

1970 

1974 

1975 

1976 

1978 

1978 

Time  in 
hours 
after 
start  of 

storm 

1 

0.08 

1.08 

0.06 

0.92 

1.14 

0.13 

0.90 

0.94 

0.80 

■  | 

2 

0.02 

0.49 

0 

0.17 

0.22 

0.13 

0.19 

0.20 

0.30 

3 

0 

0.18 

0.99 

0.27 

0.34 

0.10 

0.52 

0.15 

0.10 

4 

0.97 

0.29 

0.25 

0.18 

0.13 

0.08 

0.22 

0.39 

0 

5 

0.44 

0.07 

0.08 

0.05 

0.04 

0.17 

0.49 

0 

6 

0.19 

0.23 

0.06 

0.02 

0.08 

0.19 

0.16 

0 

7 

0.26 

0.01 

0 

0.13 

0.13 

0.01 

0 

8 

0.29 

0.26 

1.17 

0.05 

0 

9 

0.23 

0.32 

0.06 

0.08 

0 

10 

0.05 

0.14 

0.06 

0.03 

0 

11 

0.02 

0.01 

0.10 

0.02 

0 

12 

0.01 

0 

0.01 

0 

13 

0 

0 

0.01 

0 

14 

0 

0.02 

0 

0 

15 

0 

0 

0 

16 

0 

0.20 

0 

17 

0 

0 

0.20 

18 

0 

0 

0.40 

19 

0 

0 

20 

0 

0 

21 

0 

0.01 

22 

0.12 

23 

0.07 

Total 

1.70 

3.39 

1.45 

2.36 

1.83 

2.31 

2.50 

2.34 

1.80 

1.70 

"Largest  historical  storm  of  record 
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Table  C-10 

Design  of  culverts  and  gravity  outlet 


Ident  i f  teat  ion 
l.ocat  ion 

I’ipe  diameter,  ini  ties 

Number  of  pipes 

Design  discharge,  cfs 

Slope ,  f  t . /f  t  . 

i’pstrcam  invert  elevation 

I.englh,  tt. 

Maximum  design  water 
surface  elevation 

1-percent 

St'S 

Zero  damage  elevation 


Culvert  A 

Culvert  B 

(North  ponding  area) 

(Landf i 1 1  Road) 

36  x  58  arch 

72 

2 

1 

92 

220 

0.0015 

0.0010 

1425.5 

1422.0 

88 

64.5 

1428.7 

1428.5 

1431 .0 

1430.5 

1429.0 

1429.0 

Gravity 

Outlet 

72 

1 

211 

0.0010 

1421.0 

200 

1427.6 

1429.5 


!/i 


..  r  » 


I 


Tnt.il  (1  isrharge  requirement  at  design 


flood  stage  (gpm)  16,000 

Type  of  pump  (all  single  stage)  Axial 

Number  of  pumps  2 

Size  of  pump  nozzle  (inch-nominal)  18 

Size  of  discharge  line  (inch-nominal)  24 

Speed  KPM  870 

Nominal  motor  horsepower  (BMP)  50 

Kffective  length  in  feet  216 

Water  level  elevations 

Gravity  outlet  gate  closure  1427.0 

Design  lake  stage  1440.0 

Maximum  sump  elevation  1425.0 

Minimum  sump  elevation  1424.0 

Design  sump  level  for  pump  activation  1424.5 

Maximum  elevation  of  discharge  line  1445.0 

Pump  head  capacity  requirements  (one  pump  operating) 

Capacity  (gpm)  8,000 

Static  head  (ft.)  15.5 

Friction  head  (ft.)  0.8 

Velocity  head  (ft.)  0.5 

Total  dynamic  head  (ft.)  16.8 
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Table  C-13 

Pump  Performance  Computations 


ttttsitt tttittit Itititsttttstttttttitititt 

N<ONi/<MNiaN.si*  a.  4(7 
nozzk  pinnctcr*  ta.  inchc* 

SOOCl  (I8CNNR8C  M>  *877. 

1NTCR8CCTION  COOROIMTf  8*-  11(44.  8PM 

1NTCR8CCTI0N  COOMIMTI  HX<  IM  PICT 

TC8TC*  mil  ((Ml*  874. 

8NCCIF1C  mil  ((Ml*  18888. 

NUNN  (IZK  (INI*  (8. 

NC*  787. 


value* 

XHN* 

FRO*  NCm  CURVC* 

1.88  18.88 

1(  •  88 

88.(8 

11.88 

88.88 

ON* 

18(08.88 

1(188.88 

18888.88 

14188.(8 

11888.88 

138(8.(8 

M* 

(7.88 

(7.88 

78.88 

87.(8 

188.(8 

87.88 

NC'NN*  8.787J88 

((N/(N>tlt*  8.818888 

NNUJC8  FROM  NO  (CL  CURVC  8R8C8  ON  NC*  7(7.  RM 
ONI  •  ( (PN/(N  l (88  HOC  Ml  *  ( ( 8N/(R  KaC  I8FC 


NC  • 

1.18 

(.88 

(.38 

18.48 

18.88 

18.(8 

ac  • 

13887.78 

18878.88 

11(87.(8 

11888.38 

8818. SS 

1(3(3.88 

NC  • 

87.88 

38. 88 

38.87 

48.71 

83.81 

47.38 

ONI* 

18714.88 

188(8.88 

88(4.87 

8188.88 

7141.(8 

8418.84 

NNl* 

88.84 

88.88 

38.(4 

34.(8 

41.18 

38.38 

RCCONNCN8C8  8TM8NR8  FULL  8NCC8*  878.  (8M) 
LINC  1)8.8  IN8X*  I 


NX* 

3.8) 

(.48 

8.(8 

18.81 

88.8) 

18.18 

ax* 

188)8.48 

184().S( 

(887.(1 

8111.(8 

78(8.88 

8(88.31 

NX* 

83.88 

88.41 

38.(8 

38.88 

48.(7 

48.88 

CNCCK 

(nccific 

(NCCd 

10088. 

RCTUNL  SFCCIFie  SFU8>  18088. 

RtCOMNNK)  STRN8MI  FUU  8NCI8*  (78.  (RMI 
INTCRKCTION  M1TM  SVSTCN  NCR8  CU8VC 
8CS10N  H*  17.14  8*  7(88.78  N*  48.47 

8TNC8  H*  18.81  8*  1818.18  N*  41.88 

SIK I TON  CONttTIONf  (CLOU  NININUN  8WNN*  -8.84  I  1 TCR8T 1 0N( 
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One-percent 
and  required 

Table  C- 

pond  level, 
storage  with 

•16 

estimated  damages 
and  without  pumping 

1’iimp  i  ng 
r  a  t  e 

Requ i red 
storage 

in 

One- 
pe  rcent 
pond 

Est imated 
damages 

In 

Benef  it, 

in  gum  _ 

ac  re- feet 

1  eve  1 

$ 

ratio 

0 

2,733 

1430.86 

t' 

Ki 

o 

o 

Q 

- 

6 ,  000 

'  ,339 

1430.42 

30,000 

0.0728 

9,000 

2,133 

1430.20 

23,000 

0.0853 

1 2 ,000 

1,937 

1429.96 

20,000 

0.0896 

1 n . 000 

1  ,  380 

1429.30 

10,000 

0.0882 

Ji.ooo 

1  .  390 

1429.23 

3,000 

0.0852 

10,000 

1  ,  300 

1429.13 

2,000 

0.0827 

3(>.  000 

1,230 

1429.03 

300 

0.0739 

42,000 

1,180 

1428.96 

0 

0.0709 

Pond  level-frequency  relationshi 
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APPENDIX  D 
HYDROLOGY  ANALYSIS 


CLIMATOLOGY 


GENERAL 


Hie  climate  In  the  vicinity  of  the  Devils  Lake  basin  is  typically 
continental  characterized  by  cold,  rather  long,  snowy  winters  and  summers 
with  warm  days  and  cool  nights.  There  is  a  variety  of  weather  in  any 
season  due  to  the  frequent  passage  of  weather  systems  over  the  area.  Hot 
humid  summer  days  are  rare,  but  cold  waves  and  blizzards  can  be  expected 
during  the  winter  season  due  to  outbreaks  of  arctic  air  from  the  north. 
Meteorological  data  for  this  area  are  available  from  a  number  of  National 
Weather  Service  stations.  Temperature  and  precipitation  records  are 
maintained  at  stations  in  Devils  Lake,  Blsbee,  Edmore,  Leeds  and  Munich. 
The  periods  of  record  for  these  stations  in  the  basin  are  shown  in 
Table  D-l . 


TABLE  D-l 

NATIONAL  WEATHER  SERVICE  STATIONS  IN  DEVILS  LAKE  BASIN,  NORTH  DAKOTA 


Stat ion 

Precipitation 
Records  Available 

Temperature 

Records  Available 

From 

To 

|  From 

To 

Devils  Lake 

Jan  1870 

Date 

Jan 

1905 

Date 

Blsbee 

Apr  1905 

Date 

Apr 

1905 

Date 

Edmore 

Jan  1933 

Date 

Jan 

1933 

Date 

Leeds 

Sep  1935 

Date 

Sep 

1935 

Date 

Munich 

Jan  1947 

Date 

Jul 

1947 

Date 

mil  CITATION 


The  average  annual  precipitation  at  Devils  Lake  is  17.15  inches, 
with  77  percent  falling  during  the  growing  season  (April  through 
September)  and  1*6  percent  falling  during  May,  June  and  July.  June 
is  usually  the  wettest  month  of  the  year,  averaging  over  3  inches  of 
precipitation.  The  average  annual  snowfall  for  the  Devils  Lake  basin 
is  approximately  35  Inches,  although  the  amount  may  vary  considerably 
from  year  to  vear.  Average  monthly  precipitation  at  the  Devils  Lake 
station  is  shown  in  Table  D-2. 


TABLE  D-2 

AVKRAO.E  MONTHLY  PRECIPITATION  AT  DEVILS  LAKE,  NORTH  DAKOTA 


Month 


Mean  Precipitation 
in  Inches 


Jan 
Feb 
Mar 
Apr 
May 
Jun 
Ju  1 
Aug 
Sep 
Oct 
Nov 
Dec 


.56 

.40 

.86 

1.11 

2.27 
3.39 

2.28 
2.11 
2.07 

.90 

.64 

.56 

17.15 


D-2 


Annua  1 


TEMPERATURE 


There  is  a  considerable  range  in  temperature  from  summer  to 
winter  and  often  from  day  to  day.  At  Devils  Lake  the  highest  temp¬ 
erature  ever  recorded  was  112^  and  the  lowest  temperature  ever 
recorded  was  -46°F.  The  average  annual  temperature  is  38.7°F. 
Average  monthly  temperatures  at  the  Devils  Lake  station  are  shown 
in  Table  D-3. 


TABLE  D-3 

AVERAGE  MONTHLY  TEMPERATURE  AT  DEVILS  LAKE,  NORTH  DAKOTA 

Mean  Temperature 


Month 

in  *  F 

Tan 

4.2 

Feb 

9.1 

Mar 

21.6 

Apr 

40.1 

May 

52.4 

Jun 

62.5 

Jul 

68.9 

Aug 

*•7.3 

Sep 

55.8 

Oct 

45.2 

Nov 

26.1 

Dec 

11.2 
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DRAINAGE  BASIN,  STREAMFLOW,  AND  LAKE  ELEVATION  DATA 


DRAINAGE  BASIN 

The  watersheds  of  the  Devils  Lake  basin  are  shown  on  Plate  D-l . 

They  represent  a  closed  drainage  basin  with  a  total  area  of  approxi¬ 
mately  3,810  square  miles.  The  cumulative  drainage  from  eight  of 
nine  watersheds  flows  Into  Devils  Lake  and  results  in  about  3,580 
square  miles  of  contributing  drainage  area.  Stump  Lake  lies  about 
10  miles  southeast  of  the  eastern  bay  of  Devils  Lake  and  receives 
runoff  from  a  separate  area  of  about  230  square  miles.  The  principle 
drainage  patterns  Interconnect  the  five  northern  watersheds  via  the 
Sweetwater-Morrison  Lake  chain.  These  include  the  Edmore,  Starkweather, 
Ghain  Lake,  Mauvais  and  Hurricane  Lake  watersheds.  Devils  Lake  is 
divided  into  several  bays  and  separate  lakes  which  are  interconnected 
when  the  lake  is  at  higher  elevations.  This  chain  of  lakes  has  no  outlet. 

STREAMFLOW  RECORDS 

The  U.S.  Geological  Survey  maintains  several  gaging  stations  through¬ 
out  the  Devils  Lake  basin  for  collecting  streamflow  data.  The  station 
at  Big  Coulee  near  Churchs  Ferry  records  streamflow  from  the  largest 
drainage  area  (2,510  square  miles)  with  records  since  1950.  Stations 
at  Edmore  Coulee  near  Edmore  and  Mauvais  Coulee  near  Cando  measure 
streamflow  from  drainage  areas  of  approximately  385  square  miles  with 
records  since  1956.  More  recently  Installed  streamflow  gages  exist  at 
Little  Coulee  near  Brlnsaade  (350  square  miles)  and  Starkweather  Coulee 
near  Webster  (310  square  miles).  Pertinent  data  for  the  gaging  stations 
and  streamflow  records  are  given  In  Table  D-4.  The  U.S.  Geological 
Survey  has  also  maintained  gage-height  records  since  1979  for  Webster 
Coulee  at  Webster  (670  square-alle  drainage  area). 
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LAKE  ELEVATIONS 


Stages  at  Devils  Lake  are  available  on  somewhat  of  an  irregular 
monthly  basis  from  1901  through  1959  and  on  a  regular  monthly  basis 
from  1960  to  present.  One  observed  stage  is  available  for  each  of  the 
K  blowing  six  years:  1867,  1879,  1883,  1887,  1890  and  1896.  The 

li.S.  Geological  Survey  has  also  published  a  lake  elevation  of  1,446 
feet  for  the  year  1830  (and  lower  thereafter)  based  on  tree  growth 
noted  from  1885  to  1889.  Plate  D-2  Indicates  the  variations  in  water 
surface  elevations  of  Devils  Lake  over  a  period  of  about  150  years. 
From  1830  to  1940,  the  water  level  has  decreased  from  about  1,446  feet 
to  a  minimum  of  1,401  feet.  From  1940  to  present,  the  water  level 
at  Devils  Lake  has  risen  to  its  present  elevation  of  about  1,426  feet. 

FUTURE  LAKE  ELEVATIONS 


GENERAL 


The  long-term  rise  of  water  surface  elevations  at  Devils  Lake 
necessitated  an  attempt  at  determining  an  appropriate  method  which 
would  yield  reasonable  results  for  predicting  future  stages.  The 
following  data  was  available  for  analysis: 

a.  Precipitation  -  (1870-present)  on  a  monthly  basis  at  Devils  Lake. 

b.  Evaporation  -  (1930-present)  on  a  monthly  basis  for  the  Devils 
Lake  area  derived  from  a  previous  study  for  the  Red  River  basin.  The 
evaporation  record  was  extended  to  1910  by  use  of  the  Thornwalte  method 
of  estimating  potential  evapotransplratlon  using  temperature  values. 

c.  Temperature  -  (1910-present)  on  a  monthly  basis  at  Devils  Lake. 

d.  Stages  -  (1901-present)  on  a  monthly  basis  at  Devils  Lake.  In¬ 
complete  records  necessitate  graphical  approximation  of  a  few  monthly 
stages.  One  observed  stage  is  available  for  each  of  the  following  years: 
1867,  1879,  1883,  1887,  1890  and  1896. 
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These  data  were  analyzed  to  identify  any  long-term  trends  In 
evaporation,  precipitation,  or  inflow  to  the  lake.  Both  evaporation 
and  precipitation  were  plotted  against  time  on  a  monthly  basis  for 
the  piriod  of  record.  This  graphical  analysis  revealed  no  obvious 
long-term  trend  for  precipitation  or  evaporation;  thus,  there  appears 
to  be  no  correlation  of  either  evaporation  or  precipitation  with 
stages  on  Devils  Lake. 

No  streamflow  gages  are  representative  of  total  Inflow  to  Devils 
Lake.  Therefore,  the  hydrologic  budget  equation  (inflow  +  precipitation 
over  the  lake  -  evaporation  over  the  lake  +  storage)  was  used  to  cal¬ 
culate  monthly  inflow  values.  Based  upon  information  obtained  from  the 
L'.S.  Geological  Survey,  groundwater  flow  was  considered  to  be  in¬ 
significant.  A  graphical  representation  of  Devils  Lake  inflow  versus 
time  indicated  a  fairly  high  degree  of  correlation  between  inflow  and 
change  in  stage. 

Several  methods  were  considered  for  projecting  future  water  elevations 
of  Devils  Lake.  Attempts  to  develop  a  method  using  both  the  HEC-4  com¬ 
puter  model  and  statistical  analysis  were  pursued. 

HEC-4 

The  computer  program  HEC-4  (Monthly  Streamflow  Simulation)  was  used 
to  analyze  monthly  data  to  determine  their  statistical  characteristics 
and  to  generate  a  sequence  of  hypothetical  values  for  400  years  having 
those  same  characteristics.  Since  monthly  elevations  on  a  lake  without 
an  outlet  are  not  Independent  of  one  another,  a  statistical  analysis  of 
Devils  Lake  stages  was  not  performed.  Instead  HEC-4  runs  were  made  for 
statistical  analysis  of  evaporation,  precipitation,  and  inflow;  400  years 
of  hypothetical  values  were  generated  on  a  monthly  basis  for  all  three 
variables. 


» .  fillin'  S  l~*1 
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The  standard  version  of  HEC-4  internally  performs  a  logarithmic 
transformation  of  incremental  monthly  values  and  will  only  generate 
values  in  integer  form.  It  was  necessary  for  the  Hydrologic  Engineering 
Center  to  revise  the  program  for  statistical  analysis  of  evaporation 
and  precipitation  so  that  no  logarithmic  transformation  would  be  made 
of  the  data  and  values  would  be  generated  to  two  decimal  places.  The 
standard  HEC-4  version  was  used  for  monthly  inflow  data. 

The  values  generated  by  HEC-4  for  all  three  parameters  were  combined 
so  that  monthly  changes  in  storage  could  be  computed  from  the  hydrologic 
budget  equation.  Using  the  storage-capacity  curve  at  Devils  Lake, 

400  years  of  lake  elevations  were  tabulated  on  a  monthly  basis. 

It  was  recognized  at  the  start  of  this  study  that  HEC-4  would  not 
be  capable  of  generating  large  lake  elevation  cycles  similar  to  the  one 
observed  over  the  last  114  years  at  Devils  Lake.  However,  by  statlsi- 
cally  analyzing  the  three  parameters  that  have  accounted  for  this  long¬ 
term  change  in  stage,  it  was  hoped  that  HEC-4  would  generate  values 
that,  in  combination,  would  produce  reasonable  lake  stages  that  were 
somewhat  cyclic  in  nature.  The  HEC-4  analysis  did  not,  however,  produce 
this  cyclic  trend.  Lake  elevations  projected  for  the  next  400  years 
appeared  to  fluctuate  on  a  random  basis  between  a  minimum  elevation  of 
1,412  feet  and  a  maximum  elevation  of  1,423  feet  (3  feet  below  the 
current  elevation  of  Devils  Lake)  on  a  1-foot  to  2-foot  change  per  year. 
Based  on  an  observed  low  of  1,401  feet,  a  historic  high  of  1,446  feet 
(observed  high  of  1,438  feet),  and  changes  In  stage  as  great  as  7  feet 
per  year,  the  HEC-4  study  projections  do  not  appear  to  be  realistic. 
Although  HEC-4  was  considered  to  be  an  appropriate  method  for  Indirectly 
predicting  Devils  Lake  elevations,  it  cannot  be  accepted  because  of  the 
generation  of  unreasonable  results. 
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STATISTICAL  ANALYSIS:  PROBABILITY  VERSUS  STAGE 


For  any  statistical  analysis,  it  is  necessary  to  assume  that  the 
available  flood  data  constitute  a  reliable  and  representative  time 
sample  of  random  homogeneous  events.  A  frequency  analysis  contains 
the  following  basic  assumptions: 

a.  Climatic  trends  -  Any  hydrologic  analysis  assumes  that  the 
variable  is  not  affected  by  climatic  trends  or  cycles.  In  the  analysis 
of  climatological  data  that  affect  DevllB  Lake  Btages,  no  obvious 
trend  was  evident  in  evaporation  or  precipitation. 

b.  Randomness  of  events  -  A  group  of  data  must  be  considered  a 
sample  of  random  and  Independent  events.  For  a  closed  basin  such  as 
Devils  Lake,  lake  stages  can  be  considered  neither  random  nor  independent 
since  stages  are  directly  influeced  by  the  previous  year's  lake  elevation. 

c.  Watershed  changes  -  The  only  data  that  should  be  used  for 
•requency  analysis  are  those  that  represent  relatively  constant  water¬ 
shed  conditions.  A  significant  amount  of  channelization  has  apparently 
occurred  over  several  years  in  the  Devils  Lake  watershed  and  has  prob¬ 
ably  resulted  in  nonhomogeneous  data. 

d.  Reliability  of  data  -  The  possibility  of  measurement  errors 
must  be  recognized.  However,  measurement  errors  are  usually  random, 
and  the  variance  Introduced  from  stage  errors  is  probably  small  in 
comparison  to  the  year-to-year  variance  in  Devils  Lake  stages. 

Devils  Lake  stage  data  do  not  meet  all  of  the  basic  assumptions 
for  performing  a  statistical  analysis.  Specifically,  lake  stages  are 
not  Independent  events.  The  occurrence  of  any  event  is  dependent  on 
or  related  to  previous  lake  elevations  because  of  the  absence  of  an 
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outlet.  Since  like  elevations  are  neither  random  nor  Independent,  a 
stage-frequency  analysis  cannot  be  considered  an  appropriate  method 
for  determining  the  likelihood  of  stages  on  Devils  Lake. 

PROBABLE  MAXIMUM  FLOOD 

A  probable  maximum  flood  (PMF)  was  computed  for  the  Devils  Lake 
basin  for  the  purpose  of  developing  the  standard  project  flood.  Results 
of  detailed  PMF  studies  conducted  for  the  Goose  River  at  Portland,  Wild 
Rice  River  at  TV/in  Valley,  and  the  Sheyenne  River  at  both  Baldhlll  Dam 
and  Kindred  were  used  to  establish  the  peak  discharge  and  duration  of 
the  Devils  Lake  PMF.  A  relationship  was  developed  between  peak  dis¬ 
charge  per  square  mile  of  drainage  area  versus  total  drainage  area 
based  on  the  four  known  PMF  sites.  Linear  regression  analysis  produced 
a  correlation  coefficient  of  0.99  for  this  relationship.  Using  the 
Devils  Lake  drainage  area  of  3,580  square  miles  yielded  a  PMF  peak 
dischaige  of  110,000  cfs. 

Relationships  were  also  developed  for  duration  of  discharge  versus 
drainage  area  for  25,  50,  75  and  90  percent  of  the  peak  discharges  of 
each  of  the  four  known  PMF  hydrographs.  Again  linear  regression  analysis 
indicated  high  correlation.  From  these  relationships,  durations  were 
determined  for  discharges  equivalent  to  25,  50,  75  and  90  percent  of  the 
PMF  peak  discharge  at  Devils  Lake. 

The  U.S.  Geological  Survey  gaging  station  at  Big  Coulee  at  Churchs 
Ferry  represents  approximately  70  percent  of  Inflow  to  Devils  Lake. 

Gaged  stream! low  data  at  this  location  was  used  to  establish  the  rising 
limb  of  the  PMF  hydrograph  at  Devils  Lake.  This  Information  along  with 
the  peak  discharge  and  duration  data  was  utilised  in  developing  the 
probable  maximum  flood  hydrograph  at  Devils  Lake  as  shown  on  Plate  D-3. 
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STANDARD  PROJECT  FLOOD 


The  standard  project  flood  (SPF)  'for  Devils  Lake  was  developed 
using  guidelines  contained  In  EM  1110-2-1411  which  states  that  the 
SPF  usually  Is  equivalent  of  40  to  60  percent  of  the  PMF  flow  values. 
Because  of  the  large  amount  of  wetland  area  available  for  storage  of 
runoff,  the  SPF  was  selected  as  being  equal  to  40  percent  of  the  PMF. 

The  standard  project  flood  hydrograph  at  Devils  Lake  is  shown  on 
Plate  D-4. 

Standard  project  flood  routings  into  Devils  Lake  were  done  for 
three  different  initial  water  surface  elevations  -  1,405  feet,  1,415 
feet  and  1,428  feet.  Elevation  1,405  feet  was  selected  as  being  fairly 
representative  of  one  of  the  lowest  observed  water  surface  elevations. 
Elevation  1,415  feet  was  considered  to  be  an  approximate  mean  annual 
water  surface  elevation  and  1,428  feet  is  representative  of  the  current 
water  surface  elevation  at  Devils  Lake.  Routings  were  done  in  12-hour 
Increments  and  results  are  indicated  in  Table  D-5.  Differences  of 
10  feet  and  20  feet  in  starting  water  surface  elevations  did  not  result 
in  corresponding  10-foot  and  20-foot  differences  in  final  water  surface 
elevations  due  to  the  Increased  storage  capacity  available  at  the  higher 
elevations  at  Devils  lake.  Standard  project  flood  stage  hydrographs  at 
Devils  Lake  are  shown  on  Plate  D-5  for  the  three  different  starting 
water  surface  elevations. 


TABLE  D-5 

STANDARD  PROJECT  FLOOD  ROUTING  AT  DEVILS  LAKE,  NORTH  DAKOTA 

Initial  water  surface  elevation  Final  water  surface  elevation 
in  feet  above  mal _  in  feet  above  asl _ 


1,405 

1,415 

1,428 
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1,435.5 

1,438.2 

1,446.0 


1  PERCENT  EXCEEDENCE  FREQUENCY  FLOOD 


A  volume- frequency  curve  was  developed  for  spring  inflow  to  Devils 
Lake  for  determining  the  water  surface  elevation  resulting  from  a  flood 
with  an  exceedence  frequency  of  1  percent  (based  upon  the  current 
elevation  of  1428.0).  The  volume-frequency  curve  was  based  on  the 
change  in  water  surface  elevation  between  the  fall  and  spring  seasons 
for  34  years  of  data.  The  1  percent  exceedence  frequency  flood  having  a 
volume  of  270,000  acre-feet  would  produce  a  water  surface  elevation  of 
1432.5  feet  at  Devils  Lake  based  upon  an  initial  (current)  elevation  of 
1428.0  feet. 
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TOPOGRAPHY 


The  Devils  Lake  basin  is  located  entirely  in  the  Drift  Prairie  section 
of  the  Central  Lowlands  physiographic  province.  It  is  a  large  closed  drain¬ 
age  basin  that  extends  from  the  edge  of  the  Turtle  Mountains  to  the  northwest 
to  a  series  of  prominent  hills  south  of  Devils  Lake.  The  land  surface  is 
a  roll:ng  glacial  plain  characterized  by  numerous  prairie  pot  holes,  sloughs 
and  occasional  morainic  ridges.  Maximum  relief  in  the  basin  is  about  315 
feet  with  Devils  Lake  occupying  the  lowest  area  at  roughly  elevation  1425 
feet  above  N.G.V.D.  of  1929  and  a  high  elevation  of  1740  occurring  at  the 
crest  of  hills  immediately  south  of  Devils  Lake. 

The  land  surface  in  the  area  of  the  proposed  embankments  was  smoothed 
by  sedimentation  in  and  wave  action  of  Devils  Lake  when  it  was  at  a  level 
much  higher  than  present.  At  the  Creel  Bay,  or  main,  embankment  the  ground 
surface  rises  gently  from  a  low  elevation  of  1425  to  a  high  elevation  of 
1445  in  a  distance  of  600  to  700  feet.  Total  relief  at  the  snller  embank¬ 
ments  near  Highways  19  and  20  is  less  than  10  feet  in  a  distance  of  2500  to 
3000  feet . 


GENERAL  GEOLOGY 

Ihc  geology  of  the  Devils  Lake  basin  is  uncomplicated  and  consists 
essentially  of  a  mantle  of  glacial  drift  resting  on  an  unevenly  eroded 
Cretaceous  bedrock  surface.  Sandy  clay  till  comprises  most  of  the  drift, 
but  beds,  lenses  and  channels  of  sand  and  gravel  are  common  in  the  till. 

The  thickness  of  glacial  drift  varies  from  only  a  few  feet  in  areas  of  bed¬ 
rock  highs  to  more  than  350  feet  in  buried  bedrock  valleys.  Little  or  no 
modification  of  the  drift  by  erosion  has  occurred  except  in  areas  previously 
inundated  by  lakes.  In  those  areas,  surface  irregularities  were  smoothed  by 
wave  action,  low  areas  filled  with  fine-grained  lacustrine  sediments  and 
coarse-grained  beach  ridges  developed  along  old  shore’ines. 

Bedrock  underlying  the  drift  is  the  Cretaceous  Pierre  Formation  which 
has  a  maximum  thickness  of  600  feet.  The  formation  is  a  dark  gray  clay  shale 
of  which  the  upper  50  to  200  feet  below  the  contact  with  the  drift  are  badly 
fractured.  A  thick  sequence  of  Mesozoic  and  Palezoic  sedimentary  beds  under¬ 
lies  the  Pierre  Formation  but  is  well  below  the  influence  of  the  proposed 
work  and  is  not  discussed. 


SITE  GEOLOGY 

In  contrast  to  the  simple  overview  presented  for  the  regional  geology, 
detailed  site-specific  stratigraphy  in  glacial  drift  is  commonly  complex. 

Such  is  the  case  at  the  Creel  Bay  embankment  where  overburden  materials  have 
been  classified  into  four  units  based  on  time  and  mode  of  deposition.  Two 
glacial  tills  separated  by  glacioaqueous  sediments  are  recognized  along 
with  lacustrine  sediments  laid  down  in  post-glacial  Devils  Lake.  Correlation 
of  the  units  is  shown  graphically  for  the  Creel  Bay  embankment  on  Plate  E-4, 
and  the  units  are  discussed  in  the  following  paragraphs  along  with  discussion 
of  the  underlying  bedrock. 
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K1CENT  LACUSTRINE  SEDIMENTS 

Sediments  classified  as  Recent  Lacustrine  are  those  materials  deposited 
in  Devils  Lake  since  the  last  glacier  receded  from  the  area.  The  materials 
arc  primarily  clays  with  minor  amounts  of  silt  and  fine  sand.  They  have 
never  been  consolidated  by  an  overlying  load  of  sediments  or  ice  and  exhibit 
a  penetration  resistance  of  3  to  10  blows  per  foot  (bpf)  to  standard  pene¬ 
tration  tests.  A  maximum  of  17.4  feet  of  this  material  was  encountered  at 
the  Creel  Bay  embankment,  12.4  feet  at  the  Highway  20  embankment  and  10.9 
feet  at  the  Highway  19  embankment. 

YOUNGER  GLACIAL  TILL 

Sediments  classified  as  Younger  Glacial  till  are  those  deposited  directly 
by  the  ice  during  the  last  glacial  event.  The  material  is  predominantly 
sandy  gravelly  clay  with  occasional  thin  beds  of  sand  and  gravel.  It  has 
a  penetration  resistance  of  5  to  25  bpf  to  standard  penetration  tests.  Zones 
with  a  penetration  resistance  less  than  10  bpf  are  confined  to  areas  immedi¬ 
ately  below  a  former  surface  inundated  by  the  post-glacial  lake  and  now 
mantled  by  Recent  Lacustrine  sedinents.  This  lower  penetration  resistance 
is  interpreted  to  be  due  partially  to  reworking  of  the  till  by  wave  action 
but  primarily  to  a  residual  high  water  content. 

GLACIOAQUEOUS  SEDIMENTS 

Glacioaqueous  sediments  consist  of  lacustrine  and  possibly  some  fluvial 
sediments  composed  predominantly  of  clay  with  some  silt  and  sand.  These 
sediments  are  intepreted  to  have  been  consolidated  by  an  overlying  mass  of 
ice  after  deposition  and  exhibit  a  penetration  resistance  to  standard  pene¬ 
tration  tests  between  40  and  150  bpf.  They  are  easily  differentiated  from 
Younger  Till  by  their  uniform  texture  and  high  penetration  resistance. 

Their  stratigraphic  position  and  high  penetration  resistance  allow  easy 
differentiation  from  Recent  Lacustrine  sediments. 

OLDER  GIAC1AL  TILL 

Sediments  classified  as  Older  Glacial  till  were  encountered  only  on 
the  abutments  for  the  Creel  Bay  embankment  and  consist  of  gravelly  sandy 
clay  and  clayey  sand.  The  material  is  characterized  by  low  water  content 
and  a  high  penetration  resistance  ranging  from  53  to  280  bpf  to  standard 
penetration  tests.  This  material  is  differentiated  from  Glacioaqueous 
Sediments  by  its  heterogeneous  texture  and  from  Younger  Till  by  its  lower 
water  content  and  higher  penetration  resistance.  The  Older  Till  is  inter¬ 
preted  to  have  been  deposited  by  an  early  glaciation  and  to  have  been 
consolidated  by  subsequent  ice  and  overburden  loads. 

BEDROCK 

Bedrock  is  the  Pierre  Formation  which  underlies  glacial  drift  throughout 
most  of  the  region.  The  formation  is  a  soft  to  moderately  hard,  dark  gray 
clay  shale.  In  the  Devils  Lake  basin  the  upper  50  to  200  feet  sre  suffi¬ 
ciently  fractured  to  serve  as  an  aquifer.  The  shale  was  penetrated  to  a 
maximum  depth  of  14  feet  in  borings  for  the  Creel  Bay  embankment.  At  that 
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location  the  shale  is  badly  weathered  and  fractured  at  the  overburden  con¬ 
tact  and  is  more  like  a  soil  than  a  rock  for  1  to  3  feet  below  the  contact. 
The  shale  improves  in  quality  with  depth,  but  it  is  badly  fractured  and 
characterized  by  a  high  water  content  to  the  depth  penetrated.  Samples  of 
shale  were  obtained  by  drive  sampling.  Resistance  to  standard  penetration 
tests  ranged  from  55  bpf  at  the  overburden  contact  to  over  100  blows  within 
a  few  feet.  The  light  loading  proposed  for  the  site  and  thick  cover  of 
impervious  material  make  more  detailed  evaluation  of  the  strength  and  water 
bearing  characteristics  of  the  shale  unnecessary. 


GROUND  WATER  AND  SEEPAGE 

The  foundation  materials  at  all  of  the  embankment  sites  are  predomi¬ 
nantly  impervious.  Out  of  546.2  linear  feet  of  overburden  sampled  for  the 
project  only  31.2  feet  were  evaluated  as  pervious  and  occurred  as  beds 
less  than  5  feet  thick  in  an  impervious  soil  mass.  A  total  of  97.4  linear 
feet  of  fractured  shale  was  saddled  which  in  all  cases  was  mantled  by  an 
impervious  soil  cover.  Although  not  verified  by  borings  for  this  project, 
glacial  till  is  normally  weathered  and  occasionally  fissured  to  a  depth  of 
5  to  10  feet.  In  areas  of  poor  surface  drainage,  water  is  frequently  scored 
in  fissures  in  this  zone  and  may  seep  into  shallow  excavations.  Migration 
of  water  through  these  fissures  is,  however,  generally  not  significant. 
Movement  of  water  is,  therefore,  interpreted  to  be  limited  to  thin  sandy 
beds  in  the  overburden  and  the  fractured  shale.  Based  on  this  interpreta¬ 
tion,  seepage  under  the  embankments  is  evaluated  to  not  be  a  problem  due 
to  a  limited  ability  of  the  foundation  to  receive  and  transmit  water.  The 
water  table  was  poorly  defined  for  this  study  due  to  the  low  permeability 
of  the  soils  and  short  observation  time  allowed  for  water  levels  in  bore¬ 
holes  to  become  static.  Based  on  the  simple  definition  of  the  water  table 
as  the  surface  of  the  zone  of  saturation,  it  is  interpreted  to  be  fairly 
shallow  at  all  sites.  Free  water  is,  however,  not  readily  available. 


SUBSURFACE  INFORMATION,  SOIL  AND  LABORATORY  TEST  DATA 


BORINGS 

A  total  of  23  borings  and  2  test  pits  were  taken  during  1980  and  1981 
by  the  Corps  of  Engineers  at  anticipated  construction  locations  for  the  pro¬ 
ject.  The  locations  of  the  borings  and  test  pits  are  shown  on  Plate  P  ’. 

The  boring  logs  are  presented  in  order  of  increasing  boring  number  oi,  i lates 
E-12  through  E-14. 

SOILS  DATA 

The  soils  in  the  project  area  generally  consist  of  impervious  clays  and 
sandy  clays  underlain  by -a  highly  fractured  cretaceous  shale.  The  soil  strata 
can  be  divided  into  an  upper  strata  of  normally  consolidated  lacustrine  clays 
underlain  by  normally  and  overconsolidated  glacial  clays. 
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LABORATORY  TEST  DATA 


Laboratory  tests  performed  include:  insitu  moisture  contents,  Atter- 
berg  limits,  mechanical  analyses,  undisturbed  and  remolded  strengths,  com* 
paction  and  consolidation.  The  insitu  moisture  contents  and  Atterberg 
limits  are  shown  on  the  boring  logs.  Other  individual  lab  test  results  are 
presented  on  Plates  E-15  through  E-28.  The  individual  strength  test  results 
were  used  to  develop  summary  strength  plots  whenever  sufficient  data  were 
available.  Ibe  summary  plots  for  a  given  structure  are  grouped  with  other 
plates  pertaining  to  that  structure. 

The  undisturbed  samples  for  strength  and  consolidation  testing  were 
frequently  obtained  from  a  boring  offset  'lightly  from  a  pilot  boring. 

This  sampling  piocedure  permits  preselection  of  sampling  depths  based  on 
information  obtained  from  the  pilot  boring  and,  therefore,  provides  samples 
that  are  more  representative  of  the  foundation  material.  Where  this  proce¬ 
dure  was  used,  the  offset  boring  number  appears  on  the  individual  laboratory 
test  results,  with  the  subsurface  conditions  shown  by  a  detailed  log  of  the 
pilot  boring.  The  location  of  the  pilot  boring  is  used  to  designate  the 
location  of  both  borings  in  plan.  It  is  important  that  the  reader  recognize 
that  boring  numbers  ending  in  the  letters  MU  (81-22MU)  represent  borings 
offset  slightly  from  the  pilot  boring  having  the  same  prefix  number  but 
ending  in  the  letter  M  (81-22M). 

DESIGN  CONSIDERATIONS  AT  INDIVIDUAL  STRUCTURE  LOCATIONS 

A  discussion  of  design  considerations  at  each  structure  location  is 
presented  in  the  following  paragraphs. 

CREEL  BAY 

The  plan  of  the  Creel  Bay  Dam  is  shown  on  Plate  E-2.  Foundation  condi¬ 
tions  at  the  site  are  shown  on  the  geologic  profile  on  Plate  E-4. 

Embankment  Design 

The  typical  embankment  design  is  shown  on  Plate  E-3.  The  embankment 
has  a  top  width  of  20  feet  to  provide  access  for  maintenance  vehicles  and 
for  constructability.  The  lakeward  slope  of  the  embankment  will  be  IV  on 
3.5H  to  satisfy  partial  pool  criteria  and  will  be  protected  with  18  inches 
of  riprap  placed  on  9  inches  of  bedding.  The  landward  slope  of  the  embank¬ 
ment  will  be  IV  on  3.SH  to  satisfy  steady  seepage  criteria  and  will  be 
protected  from  erosion  from  2  feet  above  the  top  of  the  sand  drain  to 
elevation  1445  by  4  inches  of  topsoil  and  seeding.  The  remainder  of  the 
slope  will  be  protected  by  12  inches  of  riprap  with  6  inches  of  bedding. 

The  berm  located  on  the  lakeward  slope  of  the  dam  is  to  be  constructed 
from  the  material  used  to  build  the  cofferdam.  The  berm  shall  be  protected 
from  erosion  by  4  inches  of  topsoil  and  seeding,  if  it  is  above  the  lake 
elevation  at  the  time  of  construction. 

Stripping  to  a  depth  of  12  inches  will  be  required  beneath  the  embank¬ 
ment  where  the  existing  ground  surface  is  below  elevation  1430.  Above 
elevation  1430,  stripping  to  a  depth  of  6  inches  will  be  required.  No 
stripping  will  be  required  beneath  the  lakeside  berm. 
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The  construction  sequence  for  the  project  will  be  altered  if  the 
emergency  cofferdam  is  built  before  construction  of  the  pump  station  and 
main  embankment  begins.  The  impact  will  be  that  part  of  the  emergency 
cofferdam  will  have  to  be  removed  when  the  discharge  channel  from  the 
pump  station  is  excavated. 

Seepage  Control 

Seepage  through  the  embankment  will  be  controlled  by  the  impervious 
embankment  fill  and  the  sand  drain.  Existing  borings  indicate  that,  in 
general,  the  foundation  soils  are  relatively  impervious.  On  the  abutments 
and  across  the  valley  floor,  a  6- foot  deep  inspection  trench  will  be  exca¬ 
vated  in  the  foundation  soil  and  backfilled  with  impervious  fill. 

Stabi 1 i ty 

The  strength  data  for  the  materials  at  the  Creel  Bay  Dam  site  have 
been  summarized  on  Plates  E-8  through  E- 11.  These  design  strengths  were 
used  to  perform  stability  analyses  of  the  embankment  section.  The  cases 
analyzed  were  End  of  Construction,  Partial  Pool,  and  Steady  Seepage  at 
Maximum  Storage  Pool.  The  three  cases  were  analyzed  with  and  without  a 
seismic  coefficient  of  0.025.  Results  of  the  analyses  are  shown  on  Plates 
11-5,  t-fe ,  and  F.-7.  A  IV  on  311  lakeward  and  IV  on  3H  landward  slope  were 
analyzed  but  did  not  satisfy  minimum  design  criteria.  The  sudden  drawdown 
cases  were  not  analyzed  because  Devils  Lake  has  no  outlet  and,  therefore, 
sudden  drawdown  is  not  applicable. 

Settlement  of  the  Embankment  Foundation  Soils 


The  materials  underlying  the  embankment  at  the  center  of  Creel  Bay 
consist  of  normally  consolidated  lacustrine  and  overconsolidated  glacial 
clays  as  shown  on  Plate  F.-4.  The  expected  ultimate  settlement  of  the  embank¬ 
ment  due  to  consolidation  of  the  foundation  soils  is  1.5  feet.  Assuming  that 
one-third  of  the  settlement  will  occur  during  construction,  an  overbuild 
section  having  a  maximum  height  of  1  foot  is  required.  Because  of  the 
expected  embankment  settlement,  the  sand  drainage  blanket  will  be  placed  on 
a  1.5%  slope  so  that  it  will  be  nearly  horizontal  after  complete  consolidation. 

Pump  Station 

Foundation  conditions  favor  placing  the  pump  station  in  the  south  abut¬ 
ment.  Founding  the  pump  station  on  the  overconsolidated  material  in  this 
abutment  minimizes  settlement  and  bearing  capacity  problems  and  also  mini¬ 
mizes  inlet  and  discharge  channel  excavation. 

Proposed  Distribution  of  Required  Excavation  and  Borrow 

A  total  of  44,950  cubic  yards  of  embankment  and  berm  fill  will  be 
required  to  construct  the  dam  as  designed.  Essentially  all  of  the  material 
excavated  from  the  inlet  channel  can  be  used  in  the  embankment.  The  remain¬ 
ing  embankment  material  will  be  obtained  from  borrow  area  3. 


REMAIN  INC.  EMBANKMENT  AREAS 


The  plans  for  the  remaining  areas  are  shown  on  Plates  2  through  7  of 
the  Main  Report. 

Embankment  l>es ign 

A  typical  embankment  section  is  shown  on  Plate  E-3.  The  embankment  has 
a  15- foot  top  width,  IV  on  15H  lakeward  slope,  and  IV  on  3H  landward  slope. 
Both  slopes  and  the  top  of  the  embankment  will  be  protected  from  erosion  by 
4  inches  of  topsoil  and  seeding.  The  IV  on  15H  lakeward  slope  proved  to  be 
less  expensive  than  a  steeper  slope  protected  with  riprap  and  bedding.  The 
existing  ground  will  be  stripped  to  a  depth  of  6  inches  beneath  the  embankment 
in  the  area  delineated  by  a  15-foot  top  width  and  IV  on  311  side  slopes  as 
shown  on  Plate  E-3. 

The  abandoned  Great  Northern  Railroad  embankment  will  be  used  for 
part  of  the  south  embankment.  The  existing  embankment  top  width  varies  from 
10  to  12  feet  in  width  and  has  IV  on  2H  side  slopes. 

The  existing  embankment  will  be  modified  by  placing  impervious  fill  on 
a  IV  on  1SH  lakeward  slope  and  IV  on  3H  landward  slope  up  to  elevation  1445.0. 
Above  elevation  1445,  the  existing  embankment  will  not  be  modified.  The 
embankment  side  slopes  and  the  foundation  areas  delineated  by  IV  on  311 
side  slopes  shall  be  stripped  to  a  depth  of  6  inches,  as  shown  on  Plate  E-3. 

A  16- inch  (IP  waterline  is  located  approximately  70  feet  west  of  the  existing 
railroad  centerline.  Before  a  treatment  for  this  pipe  will  be  recommended, 
additional  boring,  testing  and  analysis  will  be  scheduled  to  determine  settle¬ 
ment  problems. 

Seepage  Control 

Embankment  seepage  control  other  than  that  provided  by  the  impervious 
embankment  fill  will  not  be  required  because  of  the  long  seepage  path  and 
the  low  hydraulic  head  that  will  be  maintained  against  the  structure  at  the 
design  lake  elevation.  Because  the  alignment  of  the  south  embankment  was 
recently  shifted,  no  borings  have  been  taken  along  the  new  alignment. 

Borings  will  be  required  prior  to  plans  and  specifications  to  verify  that 
no  foundation  stability,  settlement,  or  seepage  problems  exist  along  the 
new  alignment. 

Stabi li ty  and  Settlement 

Stability  of  the  embankment  slopes  and  settlement  of  the  embankment 
are  not  expected  to  be  problems  because  of  the  relatively  low  embankment 
height . 

PONDING  AREA  LEVEL 

The  locations  of  the  bonding  areas  are  shown  on  Plate  2  of  the  Main 
Report . 
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North  Pomli ng  Area 

The  design  water  surface  elevation  of  1429.6  for  Pond  2  will  pond 
approximately  3.5  feet  of  water  against  the  existing  Highway  19  embankment. 
The  embankment  has  a  minimum  elevation  of  approximately  1432.5,  thereby 
providing  adequate  freeboard  at  its  present  height.  The  existing  roadway 
has  three  culverts  connecting  the  proposed  ponding  area  with  the  drainage 
ditch  south  of  Highway  19.  The  three  culverts  will  be  removed  and  a  control 
structure  installed.  The  existing  road  embankment  has  a  38-foot  wide  graded 
roadbed  with  IV  on  4H  side  slopes.  No  erosion  control  other  than  that 
provided  by  the  existing  grassed  slopes  will  be  required  as  the  embankment 
will  only  retain  water  for  short  periods  of  time.  Seepage  should  not  be  a 
problem  as  Boring  Number  80- 16M  indicates  the  embankment  fill  is  a  clay  soil 
underlain  by  a  clay  foundation.  No  significant  settlement  is  expected  under 
the  control  structure  as  there  will  be  little  or  no  increase  in  loading. 


SOURCES  OF  STONE  AND  AGGREGATE  CONSTRUCT  I  ON  MATERIALS 

the  closest  source  of  concrete  aggregate  previously  approved  for  work 
on  a  Corps  of  Engineers'  project  is  at  Fordville,  North  Dakota,  a  distance 
of  approximately  60  miles.  Any  alternative  source  would  have  to  be  sampled 
and  tested  prior  to  approval. 

Riprap  and  bedding  is  not  readily  available  locally.  The  closest 
source  of  fieldstone  is  in  the  area  surrounding  Fordville,  North  Dakota. 
Bedding  material  is  also  available  in  the  Fordville  area.  The  closest 
reliable  source  of  quarried  stone  is  Ortonville,  Minnesota,  a  distance  of 
350  mi les . 
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APPENDIX  F 
DESIGN  ENGINEERING 


PURPOSE 

1.  This  appendix  describes  the  structures  to  be  built  and  methods  to  be  used 
to  design  the  structures  and  equipment  for  the  Devils  Lake  Flood  Control  Pro¬ 
ject.  For  features  that  were  not  designed  for  this  report  past  designs  for 
similar  structures  and  equipment  with  similar  loading  and  operating  conditions 
were  used  to  arrive  at  approximate  designs.  Supporting  information  Is  Included 
such  as  design  criteria,  structural  materials,  soli  parameters,  loads  and  load¬ 
ing  conditions,  and  typical  design  computations  for  structures  that  were 
designed . 

1.  STRUCT!' RA1,  AND  ARCHITECTURAL  DESIGN  ANALYSIS 

DESICN  CRITERIA 


1.  WORKING  STRESSES 


Working  stresses  to  be  used  in  the  design  will  conform  to  those  specified  In 
Engineering  Manual  1110-1-2101,  "Working  Stresses  for  Structural  Design", 
including  Change  2,  dated  January  1972.  Loading  conditions,  design  assump¬ 
tions,  and  other  criteria  will  be  based  on  the  applicable  parts  of  the  follow¬ 
ing  references: 

a.  EM  1110-2-2000,  "Standard  Practice  for  Concrete",  dated  September 

1982. 

b.  EM  1110-2-2103,  "Details  of  Steel  Reinforcement  for  Cast  -  In-Place 
Concrete",  dated  May  1971. 

c.  EM  1110-2-3102,  "Ceneral  Principles  of  Pumping  Station  Design  and 
l.avout",  dated  December  1962. 

d.  EM  1110-2-3103,  "Archltectual  Design  of  Pumping  Stations",  dated 
February  1960. 

e.  EM  1110-2-3104,  "Structural  Design  of  Pumping  Stations,"  dated 

June  19S8. 


t.  EM  1110-2-2501,  "Wall  Design,  Floodwal Is" ,  Including  Changes  1 
through  3,  dated  June  1962. 

g.  EM  1110-2-2502,  "Retaining  Walla",  Including  Changes  1  through  3, 
dated  January  1965. 

h.  ETL  1110-2-256,  "Sliding  Stability  for  Concrete  Structures",  dated  24 


June  1981. 

i.  EM  1110-2-2902,  "Conduit,  Culverts  and  Pipes",  Including  Changes  1 
and  2,  dated  April  1971. 

j.  ETL  1110-2-192,  "Des Ign  Criteria  for  Seep  Rings  on  Conduits  and  Pipes 
Through  and  Beneath  Levees",  dated  August  1974. 


k.  Building  Code  Requirements  for  Reinforced  Concrete,  (AC1  318-63  and 

77). 

l.  Technical  Report  8L-80-4 ,  'Strength  Design  of  Reinforced  Concrete 
Hydraulic  Structures",  by  Waterways  Experiment  Station,  dated  July  1980. 
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VT1.  1110-2-265,  "Strength  Design  Criteria  for  Reinforced  Concrete 
Hvdr.»ullc  Structures",  dated  IS  September  1981. 

Bureau  of  Reclamations,  "Moments  and  Reactions  for  Rectangular 
i  '.  ):<  s'  ,  Monograph  No.  27,  dated  1963. 

.  .  RKISfY'RvTD  CONCRETE  STRUCTURES 

Rcl-.f.'r  concrete  structures  will  be  designed  In  accordance  with  Working 
stress  "Vslgn  (USD),  and 'or  by  Ultimate  Strength  Design  (USD).  A  concrete 
compressive  strength  of  3,000  pounds  per  squre  Inch  (psl)  will  be  used  In  the 
design  of  the  structures.  For  USD,  a  steel  ratio  of  25  percent  of  the 
hal  incerf  steel  ratio  and  load  factors  of  1.5  and  1.9  for  dead  and  live  loads, 
respectively,  will  be  used  for  the  design  of  hydraulic  structures. 

Relnt  r. ing  steel  will  be  deformed  billet-steel  bars  with  yield  strength  of 
•.0 ,  'U '  psl  and  -.8.000  psi  for  grade  40  and  60  respectively.  Reinforcing  will 
«  or  term  t  e  nSTV  AMV 

;.  A;.: 'MINIM 

Aluminum  will  be  t>061-T6.  Working  stresses  to  be  used  in  the  design  will  be 

in  accordance  with  KM  1110-1-2101. 

•  .  steel  sheet  t’lUNc; 

steel  sheet  piling  will  conform  to  the  requirements  of  ASTM  A328. 

.  MISCELLANEOUS  STRUCTURAL  STF.EL 

V: see  1 laneous  structural  steel  will  conform  to  the  requirements  of  ASTM-A36. 
W-rslng  stresses  for  the  design  of  structural  steel  will  be  In  accordance  with 

i.”  ;ir-:-:m. 

S'll.  ■'0SSTA.VTS 


The  soil  to  be  used  for  backfilling  all  structures  will  be  the  native  glacial 
till.  It  is  estimated  to  have  a  dry  density  of  105  pounds  per  cubic  foot 
(pcf),  a  saturated  density  of  125  pcf,  a  cohesive  strength  of  taro  pounds  per 
square  foot  (psf)  and  an  angle  of  Internal  friction  of  30  degrees.  Pressuras 
e<erted  by  soil  backfill  on  structuras  will  be  determined  based  on  active, 
passive,  and  at-rest  coefficients.  Tha  allowable  bearing  capacity  Is 
estimated  to  be  greater  than  3,000  psf. 

' .  SETTLEMENT 

Settlement  of  structures  Is  not  anticipated. 

8.  DEPTH  OF  COVER 

he  minimum  depth  of  cover  required  for  protection  against  frost  action  Is 
.25  feet.  Either  this  minimus  depth  will  be  provided  at  all  structures  or  a 
nonfroet  susceptible  materiel  will  be  provided  under  etructurea. 
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DESIGN  OF  STRUCTURES 


0.  GENERAL 

The  design  of  the  punping  station  gate  well,  outlets,  and  pipes,  Is  described 
In  the  following  paragraphs. 

10.  PUMPING  STATION  (Plate  IS) 

The  Creel  Bay  pumping  station  was  designed  using  one-way  or  two-way  bending, 
as  appropriate.  Moments  and  reactions  for  two-way  bending  were  determined 
using  Monograph  No.  27.  The  pumping  station  will  be  partially  earth- 
sheltered,  with  the  remaining  exposed  surfaces  Insulated  to  prevent  freezing 
during  winter  operation  of  the  station.  During  these  months  the  sump  will  be 
kept  dry,  when  not  In  use,  by  closing  the  gate  on  the  72"  RCP  at  the  headwall 
and  pumping  the  sump  dry.  Insulation  will  also  be  used  over  the  Inlet  pipe  to 
minimize  frost  penetration  and  freezing  In  the  pipe*  For  maintenance  or 
Repair,  pumps  will  be  removed  from  the  station  by  hoisting  them  onto  dollies 
and  rollin’  them  through  the  doors.  The  floor  slab  will  be  designed  for  a 
live  load  of  ISO  psf  and  a  point  load  of  8000  lb.  Forty  psf  will  be  used  for 
snow  load  on  the  roof  of  the  superstructure.  Design  wind  loading  will  be 
in  accordance  with  ANSI  A58.1.  Hatches  over  trashracks,  stop  logs,  and 
ladders,  will  be  designed  for  point  loading  from  the  pumps. 

The  Creel  Bay  pumping  station  is  envisioned  to  be  cast-ln-place  concrete. 
Because  of  Its  location  and  environment,  there  Is  no  need  for  a  complex 
exterior  treatment.  The  station  will  ahow  good  detail,  but  every  attempt  will 
be  made  to  keep  the  details  and  Image  as  simple  and  clear  cut  as  possible. 
Skylights  will  be  used  to  provide  natural  light  to  the  Interior  of  the  station. 

Site  development  adjacent  to  the  pumping  station  will  Include  the  construction 
of  hard  surfacing  on  which  to  park  and  walk.  These  surfaces  will  tie  into  an 
access  road.  The  site  also  has  some  unique  features  because  of  the  land  forms 
formed  by  the  construction.  Landscaping  will  serve  to  enhance  the  appearence 
of  the  pumping  station  and  will  be  used  to  shade  and  define  the  parking  lot. 
Species,  primarily  of  deciduous  trees,  will  be  selected  on  the  basis  of  their 
visual  appearance,  hardiness,  disease  resistance,  and  compatablllty  with  the 
area. 

11.  GATE  WELL  (Plate  16) 

The  Creel  Ray  outlet  gatewell  will  be  designed  using  one-way  or  two-way 
bending,  as  appropriate.  Moments  and  reactions  for  two-way  bending  will  be 
determined  using  Monograph  Mo.  27.  The  gate  lift  will  be  hand-operated,  with 
provisions  for  gas  or  electric-powered  operators.  Stop  logo  will  be  placed  or 
removed  from  the  top  of  the  gatewell.  The  top  hatch  will  be  insulated  to 
prevent  ice  from  forming  In  the  outlet  pipe  and  gatewell  during  winter 
operation.  Sheetpile  retaining  walls  will  tie  the  gatewell  to  the  top  of  the 
embankment  to  retain  fill  over  the  pump  discharge  pipes. 

12.  PIPES  AND  0UTLCTS  (Plate  U) 

Reinforced  concrete  pipe  (RCP)  will  be  designed  using  a  safety  factor  of  2.0 
when  in  the  embankment  and  1,0  elsewhere.  RCP  that  is  In  or  adjacent  to  the 
embankment  will  have  bell  and  spigot  Joints.  In  other  sreas,  tongue  and  groove 
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Joint*  «*y  be  used.  RCP  placed  in  the  embankment  will  not  have  collar-,  around 
the  Joint*  because  settlement  is  not  anticipated  in  this  area.  Additional 
soil  investigation  is  necessary  to  design  protection  for  the  16-inch  cast  iron 
pipe  watermain  through  the  south  embankment,  shown  on  plate  2. 

11.  HEADWAl.L  (Plate  16) 

A  T-tvpe  retaining  wall  will  be  used  to  retain  the  parking  area  fill  for  frost 
protection  over  the  inlet  pipes  for  the  Creel  Bay  outlet.  A  1.5  safety  factor 
for  sliding  stability,  with  base  resultant  in  the  middle  one-third  for  over¬ 
turning  will  be  used.  Allowable  bearing  pressures  will  not  be  exceeded.  72" 
RCP  inlets  for  the  gravity  flow  and  pumping  station  will  be  cast  in  the  wall. 
Both  inlets  will  have  safety  guards,  and  the  pumping  station  inlet  will  be 
gated  at  the  wall. 


II.  MECHANICAL  AND  ELECTRICAL  DESIGN  ANALYSIS 


MECHANICAL 

1 .  FLOOD  CONTROL  PUMPS 

a.  The  size  of  punps  in  the  Creel  Bay  pumping  station  have  been  deter¬ 
mined  in  accordance  with  EM  1110-2-1410,  EM  1 1 10-2-3102  and  EM  1110-2-3105. 

The  types  and  speeds  of  the  pumps  will  not  be  in  accordance  with  EM  1110-2- 
3105.  A  20-inch  discharge  size  submersible  sewage  pump  will  be  used  and 
match  the  given  head  and  capacity  requirements  already  developed.  The 
pur.ps  have  been  sized  to  provide  two-thirds  of  the  required  station  capa¬ 
city  in  the  event  one  pump  should  fail.  Two  submersible  pumps,  each  having 
a  capacity  of  8000  g.p.m.,  will  be  provided.  The  pumps  will  be  of  the 
submersible  motor,  direct  coupled,  centrifugal,  sewage-type  pump  with  a 
rail-type  lift-out  feature  mating  to  a  permanently  anchored  discharge  shoe 
connection.  No  external  lubrication  system  is  required  for  this  type  of 
pump.  A  cantilever  Jib  crane  and  hoist-trolley  system  will  be  provided 

for  routine  service  and  inspection  of  the  pumps.  The  pumps  may  be  removed 
through  the  double  doors  for  off-site  major  service  or  repair.  The  sub¬ 
mersible  sewage  pimps  have  been  proven  in  municipal  service  over  the  last 
15  to  20  years.  A  20-lnch  submersible  pump  is  currently  available  from 
at  least  three  manufacturers  and  its  cost  is  comparable  to  a  conventional 
pump.  A  detailed  cost  analysis  of  alternate  pumps  and  pump  maintenance/ 
removal  systems  is  developed  on  Plate  P - 1 .  These  pumps  could  not  be  spec¬ 
ified  using  CE-2303.01;  however,  e  specification  hss  been  prepared  based 
on  current  manufacturer ' e  equipment  end  previously  developed  specifications 
by  other  Corps  Districts.  This  type  of  pimp  should  provide  better  main¬ 
tenance  capability  to  the  user,  and  the  concept  of  its  use  In  the  instant 
case  has  been  Indorsed  by  the  city  of  Devi la  Lake. 

b.  The  two  8000  g.p.m.  pumps  will  bs  pumping  against  a  orlmlng  static 

head  at  gate  closure  of  20.0  feet.  The  static  ha ad  during  the  daslgn  lake  atage, 
elevation  1440.0  will  be  20.5  feet  and  at  gata  cloaura  will  be  3.0  feat  with 
a  2.0  feet  pumping  range.  The  equivalent  length  of  tha  discharge  pipa 
la  about  227  feat.  The  use  of  a  manlfoldad  discharga  was  lnvestlgatad  and 
relectad  on  aconomlca  In  favor  of  tha  intagrity  of  saparata  discharga  sy a terns. 

A  Justification  for  slphonlc  discharga  la  developed  on  Flats  F-3.  Spaclf ications 
will  raqulra  satisfactory  low  haad  operation  and  tasting  will  raqulra  such  a 
demonstration. 


2.  SLUICE  GATE  LIFTS 


The  lift  for  the  Rate  at  tha  headvall  will  be  an  electrically-operated 
unit.  The  Inlets  at  the  puaplng  atatlon  will'  beprovided  with  atoplog 
slots.  The  gate  at  the  headwall  will  be  provided  with  heating  capabilities 
and  a  stringent  sllowance  for  leakage  will  be  called  for  in  the  specification. 
The  gravity  closure  gate  will  be  manually  operated  with  a  provision  for 
portable  electric  or  hydraulic  operator. 

1.  CRANF 

A  5-ton  lib  crane  will  be  located  on  a  concrete  column  on  the  Inside 
face  of  the  west  wall  with  the  capability  of  swinging  the  5-ton  wire  rope 
hoist  unit  ov  r  either  of  the  two  pumps.  The  pumps  may  be  raised  to  the 
‘■pcrating  floor  and  placed  on  cribbing  or  bridging  over  the  pump  hatch 
cover.  if  off-site  servicing  is  needed,  either  pump  may  be  removed 
through  the  double  entry  door. 

4.  VENTl  l.ATi  ON 

a.  Creel  bnv  punping  station  will  be  provided  with  two  separate  and 
Independent  ventilating  systems.  Mechanical  ventilation  will  be  provided 
for  the  sunp  space  below  the  operating  floor.  Mechanical  ventilation  will 
be  provided  for  the  operating  room. 

h.  The  sunp  ventilation  system  consists  of  an  Inline  fan,  mounted  In 
the  p unp  r<x>m,  that  removes  air  from  the  sump  at  the  rate  of  12  air  changes 
per  hour.  The  air  is  supplied  to  the  sump  through  two  supply  openings 
in  the  wall  equipped  with  back-draft  dampers  which  will  decrease  the 
gravity  flow  of  cold  outside  air  into  the  sump  during  the  winter.  The 
sump  ventilation  system  will  be  started  manually.  The  operating  room 
ventilation  will  be  started  manually. 

5.  HF.AT1SC  AND  HUMIDITY  CONTROL 

The  heat  loss  of  the  Pump  Room  will  be  calculated  at  40°F.  room 
temperature  and  -14°F.  outside  temperature.  Insulation  will  be  used 
to  meet  North  Dakota  Energy  Codes.  Heating  will  be  provided  by  electric 
unit  heater (s)  that  will  be  manually  activated.  No  strip  heaters  will 
be  provided  in  the  submersible  motors.  The  entire  sump  area  will  be 
insulated  and  the  building  earth-bermed  to  minimise  icing  problems. 

6.  SUMP  SIZE 

The  site  of  sump  bays  were  increased  by  65  inches  in  width  and  10 
feet  in  length  from  the  forebay  gate  to  the  backwall,  then  for  a  sump 
proportioned  to  Hydraulic  Institute  (H.l.)  standards.  The  result  is  the 
submersible  pisap  suction  is  approximately  7  feet  closer  to  the  forebay 
openings.  There  is  every  reason  to  expect  satisfactory  performance  for 
the  submersible-type  pump  In  the  modified  standard  sump.  Minimum  sub¬ 
mergence  will  be  one  foot  over  the  pump  volute,  at  normal  heeds. 

7.  SUPERSTRUCTURE 

The  else  of  the  building  was  considered  for  reduction  to  minimum  slse 
for  the  submersible  type  pump .  After  design  considerations  based  on  struc¬ 
tural  end  architectural  aspects  ss  wall  os  operations!  benefits,  the  build¬ 
ing  was  retained  at  the  normal  slsa  for  conventional  pumps.  Floor  loading 
Is  based  on  the  submersible  puap  being  placed  anywhere  on  the  floor  except 
the  pisap  hatch  covers.  Special  signs  and  warning  will  caution  the  operator 
only  to  place  the  puap  on  cribbing  or  bridging  over  the  hatch  cover. 


H.  Sil'HONU;  DISCHARGE 


The  station  will  make  use  of  a  slphon.c  discharge.  The  large  number 
of  operating  hours  and  the  smalt  percentage  of  gravity  flow  available 
make  si  phonic  discharge  attractive.  The  station  will  be  sized  for  pump¬ 
ing  as  a  vented  system  and  the  pumping  capacity  Increased  by  use  of  si- 
phonic  discharge  with  reduced  operating  time.  An  elec tr leal ly - control led 
valve  actuated  tv  an  luxllarv  contact  on  the  pump  motor  will  "make''  and 
''break"  the  siphon.  The  siphon  wf 1 1  be  "made"  after  an  on-delay  time 
allows  the  trapped  air  to  escape.  A  manual  valve  or  manual  facility  on 
the  electrically  operated  valve  will  he  provided, 

9.  OPERATION 

The  station  will  have  certain  intrinsic  and  operational  advantages  and 
d 1  sad van t ages  when  either  a  conventional  or  submersible  pump  is  considered. 
Rased  on  the  physical  comparison  chart  developed  on  Plate  P  -2  and  the  cost 
comparison  developed  on  Plate  F-l ,  it  Is  recommended  that  submersible 
pumps  he  used  for  the  Creel  Bay  pump  station.  The  submersible  pumps  are 
recommended  for  ease  of  me lntenance  and  accessibility,  although  the  pro- 
letted  uncrating  costs  over  the  project  life  will  be  higher. 

ELECTRICAL 


10.  ELECTRIC  POWER  SOURCE 

a.  Electrical  power  for  the  pumping  station  will  be  supplied  by  No  Dak  Rural 
i’.cctrli  Company,  which  serves  the  Devils  lake  area.  Three  different  tvpes 

ol  services  were  considered. 

(1)  Three-phase  secondsry  service  from  power  ccnapany  owned  equipment. 

(2)  Three-phase  primary  service  from  citv-owned  equipment. 

O)  Three-phase  primary  service  for  pumps  and  single-phase  service  for 
lighting  and  heating  loads.  City  to  own  primary  three-phase  equipment,  power 
company  to  own  slngle-phaae  equipment. 

b.  It  Is  recommended  that  alternative  (1)  be  selected.  The  secondary 
service  will  be  a  40OY/277,  volts,  three-phase,  4-vire,  grounded  system.  The 
two  stormwater  pumps.  Jib  ersne,  and  unit  heaters  will  utilize  480  volt  three- 
phase  power.  A  dry  type  step-down  transformer  will  be  used  to  provide  a  120/240 
volt,  1  phase,  3  wi re  system  for  lighting  and  convenience  outlets  and  valve 
actuator. 


c.  480  volt  secondary  service  la  recommended  for  these  reasons: 

(1)  The  city  does  not  have  personnel  trained  In  the  maintenance  of 
high  voltage  equipment. 

(2)  The  power  company  will  provide  better  maintenance  to  the  high 
voltage  equipment  than  the  city  could  provide. 

(3)  The  reliability  of  the  etatlon  will  be  increased. 

11.  SERVICE 

The  power  company  will  Install  transformers  and  matering  equipment  near  the 
pumping  station. 

12.  SERVICE  CAPACITY 

Service  capacity  will  be  furnished  In  accordance  with  Plats  M.  Short  circuit 
capacity  required  shall  be  la  accordance  with  Plate  P'S. 
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n.  fix?  motors 


a.  The  stormwater  submersible  pump  motors  will  be  housed  in  an  alrfllled 
w.itertlRht  casing  and  will  have  Class  F  insulated  moisture  resistant  winging*. 
P-»oh  motor  will  be  supplied  with  bearing  and  stator  thermistors  for  thermal 
protection,  and  a  leakage  sensor  for  protection  against  seal  failure. 

b.  The  motor  will  be  designed  to  operate  on  a  three-phase,  460-volt 
electrical  system.  The  pump  motors  will  have  cooling  characteristics  suit¬ 
able  to  permit  continuous  operation  in  a  totally,  partially,  or  nonsubmerged 

corn)  1 1 i on . 

14.  CONTROL  CF.NTF.R  P.UTPMFNT 

a.  enclosure.  The  described  equipment  will  be  housed  in  a  NDIA  12, 
freestanding  Motor  Control  Center.  The  Control  Center  will  be  NEMA  Class  II, 
Tvpc  h  construction.  The  design  will  be  in  accordance  with  the  latest 
applicable  NEMA  standards  for  Industrial  controls  and  systems.  (Pub.  No.  ICS 
2-781 


b.  '..Trine,  All  wiring  will  have  600-volt  insulation  and  all  power 
wiring  and  bus  work  will  be  in  complete  conformity  with  the  National 
Electrical  Code  and  applicable  NEMA  Electrical  Standards.  Control  wiring 

will  be  color  coded. 

c.  Power  Supply  and  Metering.  The  power  supply  will  be  480  volts, 
three-phase,  four  wire,  60  cycle.  The  metering  will  be  done  ahead  of  the 
main  disconnect  switch  and  will  be  Installed  accordance  with  power  com¬ 
pany  requirements. 

d.  Main  Circuit  Breaker.  A  three-pole,  molded-case  circuit  breaker 
will  be  provided  as  the  main  disconnecting  device.  This  breaker  will  have 
i  \T'!A  interrupting  rating  of  22,000  amps  at  600  volts,  A.C.  and  a  trip 
rating  of  600  amperes. 

e.  Lighting  Transformer  Circuit  Breaker.  A  two-pole  molded-case  cir¬ 
cuit  breaker  with  40  ampere  trip  rating,  will  be  provided  ahead  of  the 
lighting  transformer. 

f.  Lighting  Transformer.  A  10  KVA  two-winding,  dry-type,  lighting 
transformer  with  480-volt  primary  and  110/220  volt  secondary  will  be  furn¬ 
ished  in  the  assembly  ahead  of  the  lighting  panel. 

g.  Lighting  Panel.  A  12  circuit,  circuit-breaker  type  lighting  panel 
*lth  !>0A  main  circuit  breaker  will  be  furnished  in  the  control  center. 

h.  Combination  Starters.  The  Control  Center  will  Include  combination 
starters  with  circuit  breakers  or  Motor  Circuit  Protectors  (MCP)  depending 
on  motor  size.  The  starters  will  protect  the  motors  against  overload  and 
undervoltage  conditions.  They  will  have  overload  relays  in  the  three  lines 
of  each  unit.  Overload  relay  resets  will  be  operable  through  the  door  of 
the  enclosure.  Individual  control  power  transformers  will  be  provided  for 
120  VAC  motor  starter  operation. 

i.  riand  Off  Auto  Selector  Switches.  A  heavy-duty,  three  position, 
selector  switch  will  be  flush-mounted  on  the  front  door  of  the  control 
center  for  the  operation  of  each  motor  starter  with  automatic  control. 

This  selector  switch  will  operate  ths  stsrtsr  when  It  Is  placed  In  the 
"manual"  or  "automatic"  position.  Tht  automatic  control  systam  will 
operate  the  equipment  In  the  manner  described  In  Paragraph  6. 
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J.  l'i  l.'t  lights.  [Vie*  r-mount  ed  pilot  lights  will  be  provided  to  indl- 
iMto  pump  motor  st. it  ns.  These  lights  will  provide  the  following  Indications; 
control  power  on.  pump  running,  pump  noisture  detected,  pump  bearing  over- 
to-p  md  Tump  stator  overtenp. 

k.  Running  Tie  Meters.  \  running  time  meter  measuring  hours  and 
: enths-of-hours  up  to  uqqq.Q  hours  will  be  furnished  for  each  pump  motor. 

Valve  Actuators.  Pump  disohirv.e  line  siphon  breakers  will  be 
•  ■  ;  .ippeo  i  t  b  Val  \  ■  Actuators.  The  Actuators  will  be  controlled  bv  an 
a  a.:  arv  contact  on  the  pu-p  motoi  starter  through  an  "ON"  tine  delav 
■c!  .  operation  o :  the  siphon  breaker  Is  describe.!  In  Paragraph  R. 


: ' .  ■  •  tk  •:  <tfm. 

\  .o  n'.cte  1  eve! - respons  1  ve  automatic  pump  controller  and  alarm 
.’ill  be  supplied.  H  will  utilize  four  direct-acting  float  switches, 
".•'.p.ttne  hardware  md  a  Thiplev  Pump  Centre  1 1  er/Al ternator. 

b.  "ie  tleat  switches  will  be  of  Tvpe  316  stainless  steel  construction 
'it  M  orcurv  switches  embedded  inside.  The  floats  will  be  f texibl v-mounted 
with  stainless  steel  clamps  on  a  vertical  1"  pipe  mounted  in  the  pump  chamber, 
"".ev  ill  be  connected  to  provide  independent  ON,  common  OFF  pump  operation 
and  h  i  ,.h  1  e-cel  monitor  alar-. 

Pilot  control  of  the  pump  motoi  starters  will  be  provided  by  a 
'.p.trolier  having  the  fol  living  features;  120  VAC  Input  Power  "both  pumps 
operation  at  the  3rd  float  le\el.  automatic  alternation  of  the  two 
p.j-ps  op.  successive  starts,  common  off  Moat  switch,  and  high-level  monitor/ 
j'ar  'perated  bv  the  too  float. 

d.  A  bracket  tvpe  door  module  shall  be  furnished  vlth  Float  Circuit 
lest  'witcb.es  to  simulate  level  sensor  operation.  LED  Indicators  will  be 
sc.,  t  •  indicate  operation  of  the  sensor  circuits.  The  door  module  will 
also  be  equipped  with  an  Alternator  Override  Control  allowing  nanual  or 
»  .!  atic  sequence  determination. 

>.  annunciation 

A  local  alarm  svsten  will  be  mounted  on  the  out  side  of  the  pump  station. 

It  will  provide  a  visually  brilliant  red  strobe  alarm  and  sudi  le  bell 
which  will  be  activated  in  response  to  the  occurance  of  any  of  four  malfunc¬ 
tions.  The  alarm  svstem  will  normally  operate  on  120  volts  A.C.  It  will 
automat  leal lv  transfer  to  a  12  VDC-gelled  elactrolvte  batterv  on  a  float 
charger  In  the  event  of  failure  of  the  normal  power  source.  The  four- 
alarm  functions  used  will  be  control  power  failure,  phase  fallure/unbal- 
ance,  hlge  level  In  the  station  well,  and  pump  motor  sensors  or  overload 
relav  tripped. 

1*.  LIGHTING 

Fluorescent  lighting  fixtures  U.L.  labeled  for  damp  locations  will  be  used 
in  the  pump  operating  room.  The  lighting  level  in  the  pump  operating  room 
will  be  30  foot -candles.  Incandescent  lighting  fixtures  U.L.  labeled  for 


F-8 


wet  locations  will  be  used  in  the  sump  locations.  The  lighting  level  in 
the  sump  will  be  S  foot  -  candles .  Fluorescent  lighting  fixtures  shall  be 
equipped  with  ambient  compensated  "cold  weather"  ballasts.  The  exterior 
of  the  pumping  station  will  be  illuminated  by  low  pressure  sodium  security 
1 ightlng. 

IS.  WTR!  AND  CARI.f 

a.  The  wire  and  cable  used  will  be  in  accordance  with  guide  specifica¬ 
tions  ('!  -1404.04  Insulated  Wire  and  Table  (for  Hydraulic  Structures).  Con¬ 
ductor  material  for  all  control  and  power  cable  smaller  than  No.  1 /OAWG  will 
be  of  copper.  Aluminum  conductors  will  be  permitted  In  drv  locations  and 
for  sizes  1/0-AWC  and  larger  only.  Conductors  will  not  be  smaller  than 

No.  12  A VC. 

b.  Conductors  will  be  Installed  in  conduit.  Power  cables  will  be 
sized  for  current-carrying  capacity  and  voltage  drop. 

10.  RKCKPTAC1.KS 

Interior  receptacles  will  be  of  the  grounded-duplex  type.  Exterior  re¬ 
ceptacles  will  be  of  the  weatherproof,  tamperproof,  grounded  type.  All 
receptacles  will  he  protected  with  ground-fault  circuit  interrupters. 

20.  C.ROl’NDI  NO 

All  equipment  will  be  grounded  in  accordance  with  the  current  edition  of  the 
National  Electrical  Code,  ANSI  Cl  including  connections  to  the  steel  dis¬ 
charge  plpeH .  A  No.  4/0  AWC  stranded,  bare-copper,  station  grid  will  be 
connected  to  foundation  rebar. 
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P40E  j  Of  3  f,Ll 

M«  Of  OF  MCI  COMFUUTIOR 

Design  hngineering  Section  cost  conmarinnn 

SUIJICI 

_  _ Creel  Bay _ 

SOURCE  041 4 

COMPUTED  IT 

CMECKO  IV  4PMOVC0  IT 

Kquipnent  Costs 

Pump  and  Motor 

Based  on  18"  SAFV  <?  875 
rpm  by  Patterson  Pump  and 
18LM  @  880  rpm  by  Aurora 
Pump  $42,500  (Range 
$40,000-42,500) 

Based  on  20"  CP3500  @  504 
rpm  by  Flygt  Pump  and  AF16-S 
@  705  rpm  by  A.B.S.  Pump  Co. 

338,000  (Range  $37,000  - 
$39,000) 

Horsepower  (nominal) 

75  hp . 

(Range  55-60  bhp) 

100  h.p.  1 

(Range  60-75  bhD) 

Lubricator 

Yes  -  $3500.00 

No 

Motor  Condensation 

Control  Heater  Cost 

Yes  -  $500.00 

No 

Heater  Frequency  of  use 

602  of  vear/everv  vear 
over  50  vear  life. 

$78  year  -  $968.00* 

75 

Pump  Operating  Costs 
Assume  278  days  &  12  hrs/ 
day  every  year  for  50  vrs 

60  kw  X  1654  hrs 

99240  kwh  @  $. 05/kwh 
$4962.00  -  $61586.20* 

75  kw  X  1654  hrs 

124050  kwh  @  $. 05/kwh 
$6202.50  -  $76983.00*  i 

Interior  Crane  or 

Outside  Truck  Crane 
and  Skv  Lights 

Yes  -  2  ton  Jib  crane 
$12,000.00  2  skylights 
@  $3000/  2  Dumps 

Yes  -  5  ton  Jib  crane  and 
wire  rope  hoist  $16,000.00 

Truck  Crane  (35  ton) 

Mob  &  Demob  Daily  Rate 

$2,000 

$1,000 

$2,000 

$1,000 

1 

Frequency  of  Use 

(50  vr.  useful  pump  life) 

i 

7  days/10  years 

^tT5ktlddeBob)  when 

2  days/10  years 
(2  mob  6  demob)  wJU{lv,tod| 

Cost  of  Crane  Service 
(over  useful  pump  life) 

$9232.30* 

| 

$5035.80* 

Ventilation  Operating 
j  Room 

Yes,  par  EM  1110-2-3105 
powered  -  $1800  for  a 

2300  ctu  unit 

Optional  -  Gravity  or 
comfort  forced  air 

(Feeder  Capacity  Size 

i 

— 

(1)  First  Cost 

(2)  Operational  Cost 

Ave.  Annual  Cost  of  (2) 

•Cost  on  basis  of  constan 

$61,300.00 

$71,786.50 

$2,949.00 

:  1983  dollars. 

$59,833.00 

$82,018.80 

$3,517.00 

1  Truck  cranes  are  not  readily  obtainable  on  abort  notice  In  thla  area. 
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mm. 


CONVENTIONAL 


SUBMERSIBLE 


F  leld 
Service 


Pump 


Motor 


Enter  sump  when  lewacered  ana 
perform  repair,  disasser.oly 
may  or  ray  not  be  accomplished 


?-alse  pump 


Motor  repair  and  service/in¬ 
spection  Is  easy  on  operating 
floor. 


Must  raise  pump  to  inspe: 
service  the  mocor. 


Lubrication  System 


Required 


Mot  required 


Motor  Space  Heater 


Required 


Not  required 


#  of  starts  of 
motor/hr 


etarts  per  hour 


10-12  starts/hr. 


Failure  or  partial 
failure  of  bearings 
and/or  seals. 


Pump  could  be  operated  with 
reduced  performance  expected. 


Safeties  provided  in  pump 
cavity  for  warning  ar.d 
shutdown-pump  to.  mcperar 


Normal  cype  of  repair 
procedure 


Disassemble  pump  bowl  assembly i 
and  repair/ replace-offsite 
pump  shaft,  bearings  and  seals . 


Repairs  could  take  place 
in  field. 


Type  of  repair 
facility 


Any  well-equipped  machine 
ehop  witfc  or  without  factory 
approved  parts. 


I  A  specialized  factory  re- 
j  pair  service  with  oniy 
I  factory  approved  parts. 


Susceptibility  to 
Slltatlon  and  lea 
Damage _ 


Susceptible  to  silt  damage 
and  lea  pressure. 


Pump  can  be  raised  up  ar.c 
silt  or  debris  removed. 
Raise  up  if  tea  expected 
fora. _ 


Operating  skill  re¬ 
quired  by  city 
personnel 


Must  become  familiar  with 
pump  and  lubrication  system 
and  inherent  problem  areas. 


Familar  with  this  type  or 
pump  used  extensively  in 
municipal  sewage  systems. 


Susceptablllty  to  poorj 
entrance  conditions  & 
hydraulic  abnormalities. 


H.I.  sump  data  and  results  of  ! 
nioerous  modal  tests  sre 
available. 


Performance  data  not  aval 
able  sewage  applications 
usually  not  aa  critical. 


Skill  required  by  I 
Contractor  in  instal¬ 
lation 


Cara  in  setting  pump  baseplates 
k  flexible  coupling  to  prevent i 
olaallgncanc. _ [ 


Discharge  shoe  is  large 
rigid  casting  with  little 
chance  for  Improper  lnstc 
■  _ 


Operating  room 
space  availability 


Sormal  clearance  space  around 
motors  and  MCC. 


Additional  space  avallabl 
in  operating  mode  or  poce' 
tial  reduction  superstruc¬ 
ture- _ 


Operating  room 
environment 


Motor  noise  and  heat  oaks 
an  \adeslrable  prolonged  shift 
}L9  ht  ax  cuttt) _ 


No  motor  noise  or  heat  in 
operating  room. 
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of  office  DefUgn  Branch 

COMPUTATION  siphonlc  Discharge 

SUBJECT  y,nt.rgV  Savings  for  Operation 

SOURCE  DATA  Primary  calc. 

COMPUTED  BY 

CHECKED  BY 

APPROVED  BY 

( a) 


Hydraulic  Data 
A vc rage  annual 
Average  station 
With  1 6 . S  7  x  10 
then  pump  will 


block  flow  rainfall  runoff 
operating  time  ”  8  months 
7c.f.  and  a  36  cfs  station 
be  operating  «  1277  hrs/yr 


-  3804  ac-ft. 
pumping  rate. 


(h)  Average  sewage  effluent  flow  »  4.88  x  10  c.f. 
Sewage  effluent  pumping  hours  ■  177 


(r)  Total  operating  hours  =  1654  hrs. 


( .!  i  Pump  capacity 

Without  siphonlc  discharge  -  8000  gpm 

With  siphonlc  discharge  -  14000  gpm  (estimated) 

f e )  Savings  In  operating  costs  of  electricity 

18  cfs  and  1654  hrs  124050*. 05c  -  $6,202.50 
31  cfs  and  960  hrs  720 29*. 05c  -  $3.601 .00 

$2,601.50 

Assume  OX  gravity  flow  or  100X  siphonlc 
utilization  recovering  $2,665.0 0  savings 
annual ly 
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SERVICE  ELECTRICAL  CAPACITY 


DEVILS  LAKE 

CREEL  BAY  PUMPING  STATION 

Purp  Motors 

2  motors  .it  100  HP 

2  ;»t  124  Amps  at  460  volts 
Unit  Heaters 

2  hiMtrr'.  at  5  KW 

2  at  7.9  Amps  at  460  volts 
Gait*  Hoist,  Jib  Crane,  Sump  Pump 

3  motors  at  3  HP 

3  at  4.8  Amps  at  460  volts 
Miscellaneous  Loads 


115  Volt 


Inside  and  outside  lights  •  approx  5  KW  4 3.5  Amps 
and  siphon  breakers. 


Recept  ac les 
Fan 


Sum 

Balanced 

Subtotal 


9.0  Amps 
17_._3  Amps 

69.8  Amps 

34.9 


257.  of  Largest  Motor  (.25  x  124) 
Service  Size 


Total 

use 


Main  Circuit  Breaker  Size 

Amps  subtotal  +  250*  x  P.L.A.  largest  motor 
295.6  +  2.5  (124) 


248.0  Amps 


15.7  Amps 


14.4  Amps 


17.5  Amps 

295.6  Amps 
31.0  Amps 

326.6  Amps 
400.0  Ampa 


605.6  Amps 
600.0  Amps 


Flats  F-4 
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PAQC  or 

Q23HI 

■amc  of  office 

COMPUTATION 

bmi  BAY  PUMPING  STATION 

SOUNCi  OAT A 

coMeureo  it 

J  KLIETHERMES 

cncciio  ir 

B.  NELSON 

APPNOVIO  IT 

FAULT  calculations: 


1.  ASSUME  I3.8KV- 277/480  VOLT,  3  PHASE, 

225  KVA  TRANSFORMER,  4.5  IMPEDANCE. 

2.  ASSUME  INFINITE  PRIMARY  SOURCE  FAULT  ENERGY  AVAILABLE. 

3.  ASSUME  75  FT.  OF  PRIMARY  CONDUCTORS  FROM  TRANSFORMER  TO 
MAIN  DISCONNECT. 

4.  ASSUME  TWO  RUNS  OF  3-3/OTHW  WITH  1*1  NEUTRAL 

5.  SEE  GRAPH. 


W  KVA  TRAMPMMM  •  U%  IMMOANCI  •  4M  VOITK 


TOTAL  SHORT  CIRCUIT  CURRENT 
1100%  MOTOR  CONTRIBUTION  INCLUDED) 


6,600  AMPS 
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DEVILS  LAKE  FLOOD  CONTROL  PROJECT 
SECTION  205 

DETAILED  PROJECT  REPORT 

APPENDIX  G 

RECREATIONAL  AND  CULTURAL  RESOURCE  INFORMATION 

RECREATION  CONCEPTS 


REGIONAL  RECREATION  ANALYSIS 

The  project  area  la  within  North  Dakota  Planning  Region  III,  which 
include*  Ramsey,  Rolette,  Henson,  Cavalier,  Eddy,  and  Towner  Counties. 
Devils  Lake  Is  the  largest  city  in  this  region  and  Is  the  major  trade 
center.  The  1980  North  Dakota  State  Comprehensive  Outdoor  Recreation 
Plan  (SCORP)  recognized  Devils  Lake  as  the  major  recreation  attraction/ 
resource  in  Region  III.  The  area  Immediately  surrounding  Devils  Lake 
and  a  group  of  five  small  lakes  10  to  15  miles  north  of  Devils  Lake 
have  been  Identified  by  the  North  Dakota  Parks  and  Recreation  Department  * 
as  a  significant  recreation  resource  area  that  la  being  considered  for 
future  acquisition  and  development.  The  major  recreation  development 
constraint  associated  with  the  area  Is  the  fluctuation  of  Devils  Lake 
water  levels.  This  problem  is  most  significant  during  periods  of  low 
water  when  access  to  and  views  towards  Devils  Lake  are  seriously  Impaired 
by  exposed  mud  flats.  Additionally,  lake  water  quality  deteriorates 
during  low-water  periods  and  could  significantly  Inhibit  water  recreational 
use. 


Devils  Lake  Is  currently  a  regional  all-season  recreation  attraction. 
Waterfowl  hunting  at  Devils  Lake  Is  a  tremendously  popular  activity  and 
Is  famous  nationwide  for  Its  goose-hunting  potential.  However,  a  number 
of  recreational  activities  are  more  frequently  participated  in  regionally. 
Table  C-l  ranks  outdoor  recreation  activities  In  Region  III  for  the  years 
1978,  1980,  1985,  1990,  and  1995. 1 


^Source*  1980  North  Dakota  State  Comprehensive  Outdoor  Recreation  Plan. 
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Table  C-l  -  Ranking  of  Outdoor  Recreation  Activities  and  Mean-Days  bv  Population 
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LOCAL.  RECREATION  ANALYSIS 


As  previously  noted.  Devils  Leke  Is  the  major  recreation  resource  In 
Region  III,  and  the  city  of  Devils  Lake  Is  the  largest  community  In  Region 
III.  Obviously,  the  presence  of  a  major  recreational  resource  Immediately 
adjacent  to  the  major  regional  population  center  creates  tremendous  local 
and  regional  recreational  demand  and  need  for  recreational  facilities. 

There  are  a  number  of  local  public  existing  and  proposed  facilities 
In  the  area  of  the  city  of  Devils  Lake.  Table  G- 2  identifies  these 
parklands  and  the  facilities  and  services  they  offer. 

With  the  population  base  in  and  around  Devils  Lake  Increasing,  and 
participation  Increasing  for  key  activities  such  as  trail  use,  power* 
boating,  fishing,  ice  skating,  baseball/softball ,  tennis,  picnicking, 
there  Is  a  need  for  additional  recreation  facilities. 

POTENTIAL  RECREATION  DEVELOPMENT  ASSOCIATED  WITH  THE  PROJECT 

The  project's  proximity  to  the  existing  Lakewood  and  Roosevelt  Parks 
creates  potentials  for  connecting  public  lands  Into  a  regional  park  and/ 
or  linear  trall/corrldor .  Recreational  facilities  which  might  be  Incor¬ 
porated  Into  the  basic  project  include) 

1.  Nature  Interpretive  facilities 

2.  Bicycle  trails/paths 

3.  Picnicking  facilities 

A.  Fitness  trails 

5.  Field  sports 

6.  Support  facilities  for  above  Items  (e.g.,  toilets) 

RECREATION  COST-SHARINC  REQUIREMENTS 

For  projects  such  as  this  small  local  flood  control  project  (Section  20$) 
Corps  policy  (based  upon  Public  Law  89*72)  authorises  the  Implementation 
of  recreation  development  If  the  following  general  condltlone  are  met ■ 
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DR  VI  LOPE  0  PARK  BOARD  PROPERTY  III  KRcmiSFO  PARKS  (rWNFP  BY  THF  PARK  ’V'ARD 

A.  LAKEWOOD  PARK  a  RiM;FR  PARK 


1.  A  non-Federal  sponsor  pay*  1/2  the  coat  of  recreation  development. 

2.  A  non-Federal  aponaor  operate*,  maintain*  and  replace*  the  rec¬ 
reation  development /area. 

3.  The  developed  facllltle*  remain  open  to  the  public  for  the 
life  of  the  project. 

The  project-related  recreational  opportunities  were  discussed  with  local 
public  officials.  Although  local  officials  confirmed  the  need  for  these 
facilities,  they  did  not  Indicate  a  firm  willingness  to  participate  In 
these  potential  recreation  features. 

PROJECT  BEAUTIFICATION  MEASURES 

Earthworks  and  landscape  plantings  will  be  Incorporated  Into  the 
basic  project  to  visually  buffer  project  structures  as  appropriate.  Native 
plant  materials  will  be  used,  and  earthwork  will  be  sensitively  lmplesMnted 
to  blend  the  project  Into  the  natural  environment. 

CULTURAL  RESOURCES 


Periods  of  ’ake  level  fluctuations  or  stabilization  and  the  subsequent 
environmental  conditions  associated  *A th  each  change  affected  the  hwaan, 
faunal,  and  floral  populations  that  occupied  the  Devils  Lake  area  pre- 
historlcally  and  historically. 

Our  understanding  of  the  human  occupation  of  the  Devils  Lake  area 
from  prehistoric  to  historic  times  Is  very  limited.  The  Devils  Lake 
area  has  probably  been  occupied  by  people  since  Pleistocene  or  early 
Holocene  times,  although  most  occupational  evidence  comes  from  the  Middle 
Woodland  period  (Steven  J.  Fox,  1982,  Excavations  at  the  Irvin  Nelson 
Site,  32BE208,  draft  report  submitted  to  the  U.S.  Fish  and  Wildlife 
Service,  Denver,  Colorado).  The  excavations  at  the  Irvin  Nelson  site 
(32BE208)  have  yielded  data  from  thaae  later  periods. 

Two  prehistoric  occupations  are  represented  at  32BE208.  S.  Fox  (1982) 


states ■ 


The  earliest  cultural  materials  from  this  site  are  of  Middle 
Woodland  cultural  ascription  and  suggest  a  seasonal  big  game, 
bison,  hunting  focus.  The  Late  Woodland  cultural  level  also 
contained  evidence  of  a  seasonal  food  procurement  pattern; 
however,  these  data  indicate  that  a  wider  range  of  seasonally 
available  resources  were  exploited.  Especially  noteworthy  is 
the  fact  that  the  Late  Woodland  inhabitants  of  the  site 
made  but  minimal  use  of  the  bison.  Both  Woodland  components 
'■xhibit  technologies  containing  llthlc,  ceramic,  and  bone  arti¬ 
facts.  Local  materials  were  widely  used  in  stone  tool 
manufacture . 

Knowledge  of  the  adaptations  and  settlement  patterns  of  prehistoric 
human  groups  in  the  Devils  Lake  area  is  just  beginning  to  be  acquired. 

It  is  evident  that  future  research  into  the  prehistoric  occupations  and 
seasonal  use  patterns  of  the  Devils  Lake  area  will  further  knowledge  of 
changes  in  lake  levels  and  envlronsiental  conditions  over  time,  and  increase 
our  understanding  of  peoples'  adaptations  to  a  unique  set  of  environmental 
c ond it  ions. 

The  history  of  the  Devils  Lake  area  was  also  affected  by  the  fluctua¬ 
tions  in  lake  levels.  Kurt  Schwelgert  (1977,  Historic  Sites  Cultural  Re¬ 
sources  Inventory  in  the  Devils  Lake  Region,  Centrsl  North  Dakota  Section, 
Garrison  Diversion  Unit,  North  Dakota,  submitted  to  the  Bureau  of  Reclamation, 
Billings,  Montana)  briefly  summed  up  the  effects  with  the  following  statement! 

The  fluctuations  of  Devils  Lake  In  historic  times  has  had  a 
large  effect  on  the  economy  and  settlement  of  the  region.  When 
the  area  to  the  north  of  the  lake  was  surveyed  prior  to  being 
officially  opened  for  homesteading  In  1883,  Devils  Lake  was 
a  series  of  four  connected  bays  twenty-four  miles  long  and 
up  to  seven  miles  wide.  Water  up  to  35  feet  deep  covered 
an  estlsuited  60,000  acres,  and  was  surrounded  by  180  miles 
of  shoreline  (Simpson  19 1 2 • 140 ) .  The  lake  was  extensive  and 
deep  enough  to  support  a  thriving  steamboat  operation,  and 
several  townsltes  were  specifically  located  to  front  on  the 
lakeshore.  Between  1880  and  1910  the  lake  level  declined 
about  12  feet,  and  cosasercial  navigation  of  the  lake  was  no 
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longer  poeaible.  By  1940  the  lake  conelated  of  two  or  three 
Isolated  pools  no  more  than  three  feet  deep,  surrounded  by 
sterile  alkaline  flats.  The  salinity  and  brackishness  of  the 
lake  Increased  as  the  lake  receded,  and  by  19')2  the  bathing 
beaches  were  closed  at  the  major  resort  on  the  lake  (Babcock 
19S2 1 21 ,  96,  104,  142\  Desslcatlon  of  the  lake  also  led 
to  the  decline  of  the  area  as  a  waterfowl  hunting  resort, 
an  Industry  which  plays  a  considerable  part  In  the  local 
economy. 


rIV-^vii£ 


HjE  « •  MJ 

Pi  fv‘  il 

:.* :  w 

DEVILS  LAil  BASIN  JOKIT  VMR  fffiSPJGETOIT  BOARD 

DCK  651 

Devils  Lake,  ND  5S301 


October  3.  1979 


Col.  William  W.  Badger,  Diatrict  Engineer 
St.  Paul  District,  Corps  of  Engineers 
1135  17. S.  Post  Office  end  Custom  House 
St.  Paul,  KN  55101 


Deer  Colonel: 


A  poll  of  the  directors  of  the  Devils  Lake  Basin  Joint  Water  Management 
Board  approved  the  procedures  recossaended  at  the  basin  task  force  meeting 
September  25  to  proceed  with  a  study  to  alleviate  the  high  water  problems 
caused  by  record  runoffs  into  Devils  Lake. 

The  board  realizes  that  we  must  call  on  the  combined  expertise  of  the 
Corps  of  Engineers  and  Water  CooMlsslon,  plus  possible  other  agencies,  to 
solve  the  problem. 

The  board  asked  me  to  request  your  cooperation  in  the  study  and  please 
consider  this  our  formal  request. 

The  Water  Commission  also  is  being  asked  to  assist  in  the  study.  We 
propose  calling  your  engineers.  Water  Cosnission  representatives  and 
possibly  others  to  an  early  meeting  to  map  a  course  of  action. 

As  suggested  by  you,  we  nay  be  asking  help  both  to  meet  any  emergency 
that  may  arise  next  spring  and  to  procesd  for  assistance  under  your  small 
projects  program. 

Please  edvlse  me  if  this  is  acceptable.  We  are  anxious  to  attack  the 
problem  soon  to  be  prepared  for  any  situation  that  might  arise  from  next 
spring's  runoff. 

The  board  also  asked  me  to  extend  our  thanks  for  your  participation  in 
the  task  force  meeting  and  the  valuable  advice  you  offered. 
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tUm*  unlliwtU  root  I— fill  m1  «>— Mill  pwputy*  la  iMUlia*  if  eta 
moor  mm  eo  tUi  ilmita,  Ik  mil  tup  Um  ta  w  oacotood  puW. 
tain  urltorti  for  «  lor  tao4  Mr  in  mom  acrlof t  Um  Ctaoo  for  i  1U#, 

Tkio  imU  Ultimo  eta  imm!  of  stofy  oHta  ntata. 

t*  tto  wiUmI  eta  local  moooroeUn  muIwmci  «o  (Um  oo  tafo  11  of  eta 
r  i  mom  loom  to  upon.  Ik.  tail  IMcmi*  fotor  MUty  r\  moor,  taieb  Coocrol 
M tas  1U*  Dootla  Uta,  talk  Potato  (UM1U),  okoeoO  Dot  ta  mm 
ImliplH  o  UiMiy  of  eta  near  gMlUy  ta  Omrllo  uta  Ml  nail  aoo4  v 
lafonoCtao  otaok  kUUrltal  Uta  olmatloao  ta  taa  aaUmtaf.  ooo  pirn 
acacof  fctae  Or,  font,  pkyata  putai or,  tank  lutako  fcata  M««rtty,  Imm, 
mi  coral  f  •<  •  kyinloaia  Mill  for  tnUk  Uta  etae  «i«ta  ta  of  am  fro  eta 
Maly,  ta,  lytyauputyk  mm  oftor  eta  mrtai  tint,  for  ytaalat  firpomo, 
km  lutk  Potato  fees*  rowofatm  aai  algtay  3opaitna«  aara  maniac  etae  eta 
Uta  oaald  rim  to  olaratlm  1411  •  1437,  Tkli  alamelm  taftaaa  eta  Uta 
m  oaf  or  Itao,  oof  Uof  tataa  tkli  oloaattaa  to  prUkly  owoof.  (to  pataoa 
oeoeaf  eta  lata  mm  ataat  4,990  oaraa  ta  1*40  oaf  to  am  Mpnnktop  M,*» 
wna.  tattrr  pwm  aeokaf  tka  ooior  uU«  aao  ataae  190  to  118  foot  talo*  tta 
JM«1  aariaaa,  1  oeataf  ttat  aa  iaeaaf  tm  aark  rtamly  rUh  IUU  and  Ural 

aaaa  aa  kto  atafo  prof  mm. 

•«  of  cor  flMoarlat  eka  tmeioa  103  otofjr,  eka  kart  ftmrrai  eta  aaof  for 
tin  1  rp  n  r  no  af  «  UmHOM  pka  tor  mill  flat  tta  »l«  laaal  of  Oorllo  Uta. 
tutor  a  total  llmmrtm.  tta  War*  yam  I  a  mmlaetm  wgrmkt  eta  Com 
ea  4am too  aaah  a  ptaa.  Hr,  laaktatka  itgmiil  etae  1  pwrlk  ki«  tofomaetoa 
otaae  taa  ca  ngoMt  aatk  a  otofy.  Tta  mat  tat  noaaaiai  rilk  raparea  oa 
tank  Caaloa,  farrtaaaa  Uta,  am  Caa*a  Crook  oaf  oaamato  aa  eka  paarftlr 
•aa  ooear  aampamae  ftakrtoca. 
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hJJUCCYi  hctiM  20)  t lest  CMtnl  (  Dwvlia  UU, 

4«nk  VIM*  •  C«*lll  UU  I  tain  J*lat  tator 

MtSttNt  SMl4  ««J  TUk  r»Rl 

1C,  1  bad  M(  vith  . <r.  cIwm  Joimmmm  aad  »,  *«aa«ll  J«ahlaak«  at  2  t40 

p»b,  W(«n  tka  wntoj  Va  J1mwm4  tk*  r mmmIimw*  npart 

(4Kla*Uw  Ml  Uanl  tk«  Cnal  Bay  tna.  4c  4*00  ;.a.  Uw  «M  -lay  t  aM 
with  Sr,  Clay  Banaaa a,  *>1# trial  t&ciaaar  (or  tk*  Mrtk  Mkau  Itlghaay 

Davila  baka  Dlatriat,  %•  Banaaaa  (UU4  chat  'U.fSwaya  20  uui 
>7  at  tha  Sanaa*  aaatk  af  Davila  baka  am  yrayn— 1  ta  ha  tiiaal  ta 
Xftfl.  4k««t  1,800  Nat  af  Hike  if  10  mt  12,000  Nat  af  kltimi  17  voolJ 
ha  raiaat  ta  alavattaa  1440  (1411  ylaa  1  faat  af  fraahaarJ). 

U,  it  Jlaaaaaad  tha  aaatla*  af  Blghacy  20  ahaat  2,090  faat  Imp,  laaacad 
ahmt  4,509  faat  aawtb  af  tlghmy  2,  fita  aaattaa  af  root  baa  a  lav  alavatiaa 
af  U40.1.  If  boatful  Bast  vara  *alaa4  ta  aUMUiaa  1US,  vatar  coviJ  yarn 
arawao  it  by  (lasts*  avar  thia  aacclaa  af  ii^baay  20,  Hr.  Saturn  (Ut*4 
that  tha  tapsrtaaat  taas  aat  hava  alaaa  far  Calais*  thia  aaatloa  af  ai^hvay 
20,  Ba  alar  a  tat  *4  thia  aaattaa  af  read  waa  aat  tasfcaat  ta  aaiatala  a 
dlffaraaaa  ta  vatar  alavatiaa  aaraoa  it.  Tha  aaattaa  baa  t  14-tack  raiafaceat 
a— crata  ylya  vftth  aa  iavart  alavatiaa  af  14)1-4.  >ir.  tatnaaaa  ufttuai  a 
asslrm  ta  cvoyvrata  ta  tha  Baatiaa  299  study,  Oaaavar,  ha  otacvt  that  Kl«hv#y 
Ja»artvaat  aaaatrvitlaa  fade  ava  yev belly  aat  aaatlahla  far  aay  swat  cataaa 
vacapt  tbaaa  praaaaily  ytayiai  I  aat  that  ylaaaia*  aaJ  tasica  fade  in  alaa 
Halt  ad.  4m  maaatat  a  oapy  af  tha  raaaaaataaaaac  royart  ud  M^catal  rva 
safaraaaaa  il*ta|  utatariaal  laks  Ivvalai 

a*  “Oa  tha  PaattUatal  Otatary  af  tha  Bavtla  baka  Batiaa,  hrtk  atau," 
S,  Araaaa,  Tha  haul  af  Oaalaty,  Nivas  49,  ta,  4,  Jaly  1457. 

k.  *4  Katy  af  fhyaiaal  aat  hlatagtaal  Caatttlaaa  Kill  a  Vtav  ta  tha 
4aallaattaatlaa  af  Vtah,*  Oayartaaat  af  Caaaataa,  I maaa  af  rtahsrlss, 

Daaaaaat  Ba,  494,  1904. 

12.  Phaaatrayha  af  tha  Taatfill  Boat,  Craal  4ay,  aarrava,  aat  iUtkway  20 
•raaa  ara  tataiaat  la  »laato|  Btaaah. 
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•oction  205  Flood  '"int.-ol  'fj*y,  D.-vlla  L.kc, 
iorth  D  ikota  -  Fiild  Yview  end  L»>cnl  Coordin  it  1  or. 
C.  i-D-i’l*  "acting 

?k..«  for  Record  1’ laming  Branca  5  -‘.-j  ;ust  19j0 

d'U  Ineerlng  Division  rVr.  r>rs-!>erft/th-5‘..'Jl 

1.  30  Jaly  I9S9,  "'a.  Suc<!;;ue  Gaines,  Mr.  bob  Aufang  and  1  traveled  to 

I  r-.-ils  1.  .i.o,  ..ortii  I'.kotu.  ~.ie  purpose  of  the  trip  was  to  inspect  the  prej-ct 
ini'  .fUr.J  a  cr"  ton  ••ectlog. 

2.  .'urlnB  tha  sfttrtieoa  of  30  July  1980,  ?«s.  Guinea,  Mr.  Anfang,  and  1  mot 
briefly  with  Mr.  John  Olson,  consulting  engineer  for  the  city.  After  this 
i.cetinr,  we  visited  the  city  sewage  lagoon,  duutp  road  and  Creel  Bay  areas  and 
the  port  of  the  city  that  la  developed  on  former  lake  bed. 

3.  In  the  evening,  we  attended  e  project  coordination  nesting  with  the  city 
adnlnlstrntor;  consulting  engineer  for  the  city;  city  co-jiaisa loners;  end 
representatives  Iron  the  Devile  Lake  Basin  Joint  Water  ’bnsgenont  Board,  Devils 
Lake  Task  Tores,  horth  Dakota  State  Ceos  and  Fish  Departnent,  and  the  U.S. 

Tlsh  and  Wildlife  Service.  The  attendance  list  la  attached.  The  purpose  of 

the  r.eetiog  waj  to  review  the  status  of  subject  study  and  discuss  the  preliminary 
Information  that  haa  been  developed. 

4.  Mr.  John  Olson,  consulting  engineer  for  tha  city,  introduced  ne,  and  I  gave 
a  brief  review  of  the  problem.  I  stated  that  tne  Corps  had  co:?plete<!  a  recon¬ 
naissance  report  in  response  to  a  3  October  1979  letter  fr on  the  Devile  Lake 
Basin  Joint  Water  Management  Isard.  The  report  addressee  the  flooding  pro- 
blcis  associatoJ  with  the  rising  water  lcvrl  of  Devils  Lake.  Based  on  the 
results  of  the  reconnaissance  report,  a  detailed  project  report  (DPR)  is  being 
prepared  under  the  authority  of  Section  295  of  the  1948  Flood  Control  Act. 

The  DFR  is  analysing  ne as urea  for  protecting  tits  city  froa  rising  lake  levels. 

The  DPR  dose  not  include  any  Measures  for  stabilising  the  level  of  the  lake 
(such  as  on  outlet  plan).  Z  then  briefly  revleweJ  the  study  schedule  end  local 
cooperatlou  requirements.  The  study  schedule  la  attached. 

5.  Wc  discussed  the  design  lake  elevation,  altematlvn  1 eves/dan  alignments, 
interior  drainage,  and  other  lte<«.  Z  stated  that  ve  are  attenptlng  to  predict 
future  lake  levels  using  hydrologic  principles,  but  that  this  is  a  difficult 
problac.  Tha  Slats  la  uslrp  elevation  1435  as  a  design  a la vat Ion  for  planning 
purposes,  although  the  herth  Dakota  Highway  Departnent  la  raising  some  of  tha 
hlg.iveys  affected  by  the  ties  in  lake  levels  to  elevation  1440.  No  one  In  the 
group  had  any  flrn  opinions  on  how  high  tha  Inks  would  risa  or  what  the  design 
water  elevation  should  ba.  r.owcvar,  sevaral  paopla  thought  that  a  watar  aurfaca 
elevation  of  1435  was  reasonable  because  It  would  be  consistent  vltb  State 
planning  and  would  provide  for  about  10  feet  of  raise  in  lake  elevation.  Sons 
people  also  screened  tha  ballaf  that  higher  lake  elevations  would  result  in 
substantial  danares,  and  that  an  outlat  for  the  lake  should  ba  constructed  in 
order  to  eoatrol  this  flooding.  I  stated  that  an  o.itlet  plan  .1  .'it  erases 
considerable  controversy  aud  la  vary  uncurtain. 
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6.  line*  tin  .’rsl  n  ...iter  elevation  has  not  yet  bran  J  etc  Trine.!,  \;c  .re 

dyr In,;  proti-r  tier  to  Lotii  elevation*  1435  and  1443.  .’c  re/t«vt» J  -Item -live 

.ill,  ento  Tor  v!.  r  .irfoce  elevations  of  1435  (three  -tt.-m  itlvr.-s)  ..:i!  1440 
(ftt.r  tltcrn't iv.-s).  *.n  serial  photo  shoving  the  slim  -ont*  1*  retained  lu 

i'lunaln-  jrucu.  Vrvll- ln.iry  cost  estimates  for  the  earth  work.  Interior 
.'.r« ln.i/e,  lmJ,  c.v  lnecrlnr,  supervision,  and  inspection  have  been  prepared.  I 
stressed  that  these  e*t iritis  vers  bassd  on  the  United  a  -no.it  of  available 
Infer  .-»tloa  and  -ire  very  preliminary.  However,  they  Indicate  tl»at  alternative 
4-2  la  Fl>..ilflcnotly  -ore  economical  thin  too  other  alternatives  for  elevation 
1435.  Alternative  A- 2  Is  «  levee/da*-  about  1,100  feet  long  located  nbout  1,200 
fact  vest  of  lAir-p  Road  and  running  approximately  parallel  to  tha  road.  The 
preliminary  eatiuates  also  Indicate  that  the  four  alternatives  for  a  water  surface 
elevation  of  1440  are  about  CO. 6  to  *1.5  million  -.arm  expansive  than  the  alternatives 
for  elevation  1435.  They  urc  also  about  Cl  lillion  greater  than  the  Federal  cost 
limitation  of  $3  edllion.  The  alternatives  for  elevation  1440  are  tore  costly  because 
tocy  require  e  levee /dan  at  three  locations  instead  of  one. 

7.  I-  response  to  a  question,  1  stated  that  alternative  A-2  could  be  deal  nud 
wit. I  a  59-ioot  vide  top  ao  it  could  be  efficiently  raised  5  feet  If  necked  In  the 
future.  (rielininary  cross  sections  sre  retained  la  the  Planning  F.ranch.)  !.v.\vcr, 
tut.  Cons  probably  could  not  raise  it  in  Che  future  because  the  Tection  2D5  .uthor itv 
st  iter  the  ]  reject  *  ust  "...be  co-inlet*  in  itself  sod  ’rant  not  obligato  the  Federal 
r-uveru-ent  to  future  work..."  1  ststaJ  that  s  lcvee/daj  constructed  to  an  elevation 
of  1435  and  e  top  vldth  of  50  feet  flight  be  considered  "complete  In  Itself"  if  the 
local  or  State  interests  coutlttad  themselves  to  raising  tha  structure  in  tha  future 
if  this  proves  necessary*  It  voa  tha  consensus  of  the  group  that  a  design  voter 
surface  elevation  of  1435  would  be  adequate  because  it  would  be  consistent  with 
'tats  planning,  would  probably  be  within  the  Federal  coat  limitation,  and  could  ba 
raised  if  aucesaary.  They  did  not  express  concern  about  tha  possible  need  for  the 
local  or  State  Interests  to  cotenlt  thonsslvos  to  raisins  the  structure  in  ths  future 
if  nscosstry. 

».  Vr  then  dlscussad  the  interior  drainage  problems  asaoeiataJ  with  the  project, 
because  u  relatively  large  area  north  of  the  lagoons  (includin’,  Davis  Flats  ,-md 
tin-  airport),  pert  of  tha  stone  sower  aysfttn  for  ths  city,  and  nn  ires  south  of 
the  in  -ions  voulJ  drain  into  tha  eras  on  tha  city  slda  of  the  lover/dam,  a  large 
Interim  drains.. e  systsc  would  be  required.  The  least  costly  system  would  have 
so-  e  cor'  ir.jClou  of  water  holding  areas  and  pir.os  to  uovc  the  water  from  the 
interior  lirainv,  e  over  the  levee/dau  and  into  t  ie  la'.w.  Tie  systnr  would  he 
JcslntJ  tor  j  r-">-ycir  frequency  rain  and  would  empty  the  i«ol.*in^  areas  In  3  days, 
rrel!. -.aery  analysis  lnlicutes  that  a  )iolJinv  urea  ;'*out  ‘j  feet  deep  with  .in  *.re.i 
of  jl-ojt  153  .icr*'-'  would  be  t  e-.uirai  in  the  .'  »vlo  ’*lita  ires;  a  holdinr  «r« -a  r.bout 
3  feet  deep  vlt-i  •  are  i  of  (.lout  i45  acres  wo-jli  iu  nested  south  of  the  In  ««-•  •*; 
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.  1:  ■:  :iii  .-it.u  i  c.\-v:city  of  '..-it  *  >  :,09 

1  t  !  «.  .  '  :it  in  t.ic  city  side  of  the  1  •••%• : .. 

.  r  •»«•»•!  .  ;  i<  !.it!  ’*•,  -.MJCfnis,  i '  rl„'  *-:•  y 

a.  -  ■ .  tr  .•<.•. -roa,  !  ret;  :•  ur  •  ,  tt  ?’  •  -.ity  - 

;  ,i  I  '  r  l..-  oL'ln  :rc.!P  «;■  '<..<  t  :  s  i  ..  rv  1 

;  ir  tnc  :if2  ;jr  ros  'li:rs  could  *m  <  •»!  1  ■  el  >■ 

9.  1  seated  Ln.it,  niece  lter.i  .tlv*  .•?  v  .a  iho  city’s  proforred  ali-nmnt  ano 

..,>;e.rcd  to  be  L’tc  „*.«t  **t o  1  c  :l ,  on  Mill  collect  1;->rinj.  '.:id  survey  infor’..tion 
ur»  C.  is  alternative.  t  .re  eLion  vlll  also  include  eolltrtioa  of  econo’  lc  i  c.  j.'it 
st.cloln.lcal,  on.;  •  •i.vir.i.-,  out.-l  .'jt.i,  “he  next  coordination  •'Ctiiiy  will  bo  hold 
vue.i  u.-l tlor.sl  inforitlon  ;ns  been  <h veloped. 

1  ).  h\  31  July  19.0,  "cs3r3.  rob  '.•'llins,  ,urth  bskotn  r-.w  und  rtslij  Steve  troc1  , 
"'ish  un  •  ’.'lldlife  Service;  Job  .v.fun;.,  Jnviror.^eut  si  r '-sources  .it  uie’i;  .md  1 
t  .ri'e-t*.  the  w  itern'iaJ  and  stricture  ureas  for  tiic  .  reject,  ’.a.  ''.ilvi.is  coll  'ctc- ’ 
fs.-ci.l  iufor-atlcu  on  11  .luly  inj  1  *.  trust  19#3.  "'ssrs,  ’•'ollirs,  br«cV,  and  .V^-.n- 
.  i.  .»o  concern  about  ftotentiftl  direct  iterative  saviron  ftnUl  effects  fro  the 

,  r.  ji  ct.  >v'ver,  ‘•ear*.  ’’nlllns  and  Brock  stated  Chst  )  nr.  inwners  ia  the  vittrri*.1 

rv  ’  ,«'Tv  »  :«f  Lit  <roji  ot  .ipht  l*e  induce!  to  drr.it  sc.  u'ct  lands  in  this  a  ran  if 

.  .<••  city  w.ro  'rotet.-d  lv  the  project  :ror  the  e••'cr'^  of  this  •ir.-i:ia.-e.  "t»  re >.■!••/ 

l!.  i  t.r'h.  :  ..rr  of  *  ru-.'.  ir’rvjy  2  f  •  •  rlia-ton  dnrth. m  rail  rci.* 

‘t  •  h.*t  •'  p.’ssr  •?  ."or  v  tor  .!••  '  r  l:.»*  railhead  croc*:s  an.'  the 

hi  iv.  ;•  vould  have  Lu  he  -n»»Hc  !  to  hrnir  tain  .  r»a.  “.lire  *re  no  culv.nrts  u  ■  'i:r 
the  tracts  Ani  only  o-^ill  1?-  to  lf-inch  culvnrts  aider  Trim'-.  !  1  ah' rr.y  2.  'Vssrs, 
illlus  and  brock  Jld  tot  eiiitik  this  a  run  would  lc  dr<iinaJ  with  -r  vithout  the 
project  becuuee  of  tac  Lirje  sv.-uense  of  nrovldior  the  nncessaty  culverts. 


<11  ■-  ft  >c *r  :  irnitc  »>  >:jl«i 

it/  woul»*  Lc  ros;. mritl •: 
.c.  :  .  :ry  “"or  the  >* I 
r  <  in  -  rj t-«  n «*«  1  ^  *‘,1 ,  *  1  f  t  v  •  i r 
•ria,  i  .  I  i  survey  in'i-—  ti<": 


S  *  . .  .1 

4.  A.ll 

AUU  r3R33bM 

ja 

Civil  i'-upinser 

Plannin  ’  Lrsne.h 

tFl 

En;;ineeriot.  5/ivisiou 

mine  Cr.lucs,  Job  Ar*faii” 

.  •-  F/k*v 

*e  "Vivscv,  **tr.t  <"v  iercon. 

atackowiak 

-i- 

h  "  •  r;  ar 

3 


C 


8-9 


s 


J)oy_J  J  I  k;  (^JyJ  IfbA* 

?~C  A 


N  U  ,r*t 

CS  < 


■gp^-v?  7; 
'U<s  y^f' 


fli  icJl^f-'l  (1m)  A)  i4^- 

<2  :^>C  j iZt  »u  -<a_ 

/A 

3-f-K.<.f  .1  AA^cJc. 

jtol*  f^oli'^yl  _  . 

/?  la,,  Jotrlkfr^ 


$>  P*-*  *  . 

C^Sw  — --~*-<£<JZ>-<  .j  ArvA 

^7  -  A.  'Qt  //iQ., 

O  «!  A/ 

<^l  S>  cznm  — /A  r  l,  — '' — - 

Z^E  u  f  /  i  (\  >--| 

D  l  Ba^o.  CU*1  B  'Tf-Ql 

cr^  £"»y/c-i_ ^ S oc (Ao 

U.  £  f;A  U'Jt/jrfc  Sc  A^/  C€. 

A7J).  (T 

{J 5  C-Qr-pJ  0  f~  tS /K  ^  ^i" 

K^>7  . 


I 


United  States  Department  of  the  Interior 

FISH  AND  WILDLIFE  SERVICE 

AREA  OFFICE-NORTH  DAKOTA 
1800  CAPITOL  AVENUE 
P.O.  BOX  189? 

BISMARCK,  NORTH  DAKOTA  58901 


MAR  10  881 


Mr.  Peter  A.  Fischer 
Chief,  Engineering  Division 
Corps  of  Engineers 

1135  U.S.  Post  Office  and  Custom  House 
St.  Paul,  Minnesota  55101 

Dear  Mr.  Fischer: 

This  responds  to  your  letter  of  February  23,  1981,  related  to  endangered 
species  in  the  Devils  Lake  flood  control  study  area. 

I  concur  with  your  biological  assessment  that  bald  eagles  and  peregrine 
falcons  will  not  be  adversely  affected  by  the  proposed  project. 

Thank  you  for  your  cooperation. 

Sincerely  yours, 


Gilbert  E.  Key 
Area  Manager 
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Devils  Lake  Section  205  Study  -  North  Dakota  Highway  Raises 
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PHONE  NUMBER  AND  KJI TENSION 

^1  an  Forsberg 

St.  Paul  District 

725-5901 

PUMM  C  AC  CKO 

Cloy  So  meson 

‘poWS^Dakgj^  State  Hwy.  Dept. 
Devils  Lake,  N.D.  58301 

PNBNB  NVMBIR  AMO  KXTKMKION 

701-662-4082 

The  State  Highway  Department  la  raising  several  highways  in  the  Devils 

Lake  area  because  of  the  rising  level  of  Devils  Lake.  I  Inquired  about  the 
design  elevation  they  are  using,  their  rationale  for  choosing  it,  and  the 
schedule  for  the  road  raises.  Mr.  Sorneson  said  the  roads  are  being  raised 
to  elevation  1435  plus  5  feet  of  freaboard.  This  elevation  was  based  on 
historical  lake  elevations  (el.  1435  in  1880),  the  elevation  of  the  meander 
line  (el.  1435),  and  cost  effectiveness  considerations.  He  gave  this  construc¬ 
tion  schedule: 

Road 

Contract  date 

Cost 

TH  19 

Completed 

$0.8  M 

1  TH  57  (Narrows  &  Fort  Totten)  May  1981 

4.0  M<x> 

TH  20 

Sep  1981 

2.2  M<2> 

$7.0  M  total 

(1)  Includes  brl4ge  raise  at  the  narrows. 

(2)  Includes  bridge  raise  at  the  narrows.  Bridge  will  have  a  control  structure. 

CF: 

ED-CH/Deapaey 

ED- Q1 /Johnson 
•'TD-PB  /Wo  rkman 

ED-D/De  LaForest 
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State  Historical  Society 

of  north  dakota  (state  historical  board) 

NORTH  DAKOTA  HERITAGE  CENTER,  BISMARCK,  N  O.  SB50S 

TELEPHONE  701-224-2EE* 


April  13,  1982 


St.  Paul  District,  Corps  of  Engineers 
1135  U.S.  Post  Office  and  Custom  House 
St.  Paul,  MN  55101 

Re:  Draft  Cultural  Resources  Inventory  Report:  Devils  La  f  od  Control, 

Ramsey  County,  North  Dakota.  (Please  refer  any  futur  ^rrespondence 
to  SHPO  File:  82-1(4)1.2). 

Dear  Ms.  Blaylock: 

Thank  you  for  providing  a  copy  of  the  document  referenced  above  to  this  office 
for  review  and  comment. 

In  general,  it  is  the  opinion  of  this  office  that  the  report  is  adequate  to 
document  sufficient  research  and  Investigation  to  establish  a  valid  inven¬ 
tory  of  cultural  resources  In  the  proposed  construction  zone(s).  In  this 
respect  It  appears  the  report  fulfills  the  requirements  of  the  scope  of  work. 

As  is  commonly  the  case  with  draft  reports,  this  one  obviously  warrants  a 
thorough  editing  to  correct  typos,  spelling,  work  usage,  etc.  There  are  a 
few  substantive  matters  that  may  warrant  corrections  to  text.  These  are 
Identified  In  the  following  section  entitled,  "Substantive  Comments:". 

Substantive  Comments: 

Page  3;  paragraph  3;  line  5:  Suggests  that  the  overviews  were  completed  after 
the  field  survey.  This  Is  not  a  particularly  serious  fault,  especially  In  a 
survey/ inventory  of  this  magnitude  (relatively  small  scale)  and  in  which  no 
physical  resources  were  Identified.  We  make. the  notation  only  to  point  out  the 
discrepancy  with  the  excellent  explanation  of  the  purpose  and  intent  of  Inven¬ 
tory  "overview"  sections  as  described  on  pages  60  and  61. 

Page  6-8:  Apparently  construction  of  the  proposed  facilities  will  not  directly, 
physical ly  damage  the  cultural  resources  mentioned.  Consideration  must  also  be 
accorded,  however,  to  potential  effects  to  resources  outside  of  the  construction 
boundaries  If  construction  of  the  facilities  may  add  to  or  accelerate  endangerment 
of  the  resources.  For  example,  consideration  should  be  given  to  potential  effects 
resulting  from  water  Impoundments,  Inundation,  wave  wash,  erosion,  etc.  on  cul¬ 
tural  resources  lying  between  the  current  lake  shore  and  the  proposed  facilities. 


Ms.  Sandy  Blaylock 
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Vs .  Blaylock 
Pace  2 

April  13,  1982 


?aae  27.  paraqraph  3:  Relating  to  examples  of  McKlean  Complex  sites  in 

l.'o'rfh  "Dakota.  The  authors  should  be  aware  of  recent  work  in,  and  findings 
from  North  Dakota's  "Badlands"  areas  in  order  to  assure  current  accuracy  of 
•jrl ier  assumptions . 

Page  54;  paraqraph  2:  The  railroad  grade  is  a  cultural  resource  and  should 
have  been  recorded  as  such  with  site  form,  map,  drawing,  photograph(s ) ,  etc. 
Based  on  the  information  provided,  it  is  likely  that  the  grade  does  not  bear 
sufficient  integrity  to  warrant  physical  preservation.  However,  the  segment 
discussed  may  be  the  only  means  still  available  to  provide  details  about  the 
grade's  location,  design,  construction,  etc. 

Page  60;  paragraph  1;  lines  14-16:  HAS,  Inc.  has  succeeded  in  its  goal  to 
provide  a  document  with  value  to  future  research. 

Page  60;  paraqraph  2;  lines  4-5:  This  doesn't  seem  to  agree  with  information 
provided  at  Page  3;  paragraph  3;  line  5  and  Page  iii;  paragraph  3.  (See 
comment  above  at  Page  3;  paragraph  3;  line  5. 

Page  60;  paraqraph  2;  lines  5-9  and  Page  61;  paragraph  1;  lines  1-3:  Excel  1 ent 
statements! 


Page  67;  paraqraph  2;  lines  3-4:  See  comment  above  at  Page  6-8  concerning 
Tnairect  effects. 

Page  69:  Agree  with  investigation  results  for  inventory  (right  of  way) 
area(s). 

Page  70  (Recommendations):  Disagree.  The  St.  Paul  District  needs  to  be  aware 
of  (and  consider  potential  effects  to)  cultural  resources  lying  outside  of  the 
actual  construction  zone(s). 


Please  find  a  representative  list  of  editorial  suggestions/questions  attached. 
Please  be  advised  that  these  comments  constitute  a  technical  review  of  the 
referenced  inventory  report  only  and  are  not  Intended  to  be  a  definitive  SHPO 
conment  on  the  project.  If  you  have  questions  about  these  comments  or  want 
to  discuss  any  of  the  matters  identified  above,  please  contact  Mr.  Walter  L. 
Bailey  (701-224-2672)  at  your  convenience. 


Sincerely,  /) 

James  E.  Sperry  1  bf.... 

State  Historic  Preservation  Officer 
(North  Dakota) 
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Representative  Editorial  Suggestions/Questions: 


Page  i i i ;  paragraph  3:  Suggests  that  the  research  of  the  overviews  followed 
the  TieTdwork.  Or  should  the  word,  "report"  have  been  inserted  after  the 
words,  ".  .  .  historical  study.  .  on  line  3? 

Page  4;  paragraph  1;  line  8:  Is  the  term,  .  .  river  boat.  .  .  "  correct? 

If  so",  there  should  be  additional  explanation  and  documentation  provided. 

Page  4;  paragraph  2;  line  9:  Is  the  hypothesis  that  humans  didn’t  occupy 
the  area  during  all  of  prehistoric  time  or  only  during  periods  of  low  water 
during  prehistoric  time? 

Page  11-1?  (continued  paragraph):  This  is  very  Interesting  information  about 
the  historic  land  use  -  vs  -  water  levels  in  the  study  area.  Thank  you  for 
including  both  the  data  and  the  references. 

Page  25;  paragraph  3;  line  2:  Should,  "...  lancelot.  .  ."be  lancelate? 

Page  26;  paragraph  2;  line  4:  Lake  Sakakawea  is  west  (not  east)  of  Devils  Lake. 

Page  44;  paragraph  2;  line  3:  .  .Dakota  Sioux.  .  ."  Is  confusing,  re¬ 

dundant  or  mi  spelled.  Choose  one  name  or  the  other,  please. 

Page  47;  paragraph  4;  line  3:  What  Is  a,  ".  .  .  good.  .  .  ”  percentage? 

Tn  the  extent  possible  numerical  Indicators  are  preferable  to  comparative 
terms  such  as  "good  percentage,  small  groups,  large  bands”  etc., even  if  the 
figures  are  inexact  or  Include  a  range  (i.e.,  150-300). 

Page  50;  paragraph  3;  line  2:  The  date  cited  (“.  .  .1897.  .  .")  must  be 
incorrect. 

Page  56;  paragraph  2;  line  2:  An,  ".  .  .  open.  .  . "  what? 

Page  58;  paragraph  3;  line  4:  Should,  "...  team-powered.  .  .  "  be 

steam- powered? 

62,  paragraph  1;  line  10:  Insert  the  words  "Information  on"  between, 

".  .  .  no'  ana  "potential  .  .  .  " 
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Section  205  Flood  Control  Study,  Devils  Lake 
North  Dakota  -  Coordination  Meeting  with  City  Council 


Memo  for  Record 


mo* 

NCSPD-FS 


date 

3  Aug  1982 

pi*<  Forsberg/wb/5901 


1.  On  15  July  1982  a  meeting  was  held  In  Devils  Lake,  North  Dakota,  to  review  the  | 
alternative  plans  and  schedule  for  subject  study.  The  rising  lake  level  and  the 
potential  need  for  emergency  protection  measures  were  also  discussed.  An  outline 

of  my  presentation,  a  copy  of  the  minutes  prepared  by  the  city  auditor,  and  the 
attendance  list  are  attached. 

2.  After  a  discussion  of  the  alternative  plans,  the  city  commission  unanimously 
supported  selection  of  plan  B.  The  commission  Is  very  concerned  about  the  potential 
for  flooding  because  of  the  rising  lake  levels.  They  strongly  support  the  project 
and  request  that  we  proceed  In  the  most  expeditious  manner  possible.  We  discussed 
the  local  cooperation  requirements  under  the  present  policy  and  the- possibility 
that  they  may  be  changed.  We  also  discussed  the  need  for  a  land  management  plan 
for  the  former  lakebed  area.  This  plan  would  be  developed  by  the  city  with  the 
participation  of  the  State  of  North  Dakota  and  the  Federal  Baergency  Management 
Agency.  The  Corps  could  provide  technical  assistance  If  requested.  The  purpose  of 
the  plan  would  be  to  reduce  the  risk  of  additional  damages  If  the  proposed  levee/ 
dam  were  overtopped.  Because  of  the  unusual  nature  of  the  problem,  we  have  not  been 
able  to  develop  a  stage/probability  relationship  or  estimate  the  level  of  protection 
the  project  would  provide. 

3.  Colonel  Rapp  discussed  the  threat  of  flooding  due  to  the  present  high  water 
levels  and  the  13  July  1982  letter  from  the  the  State  requesting  technical  assistance 
under  the  authority  of  P.L.  84-99.  He  advised  that  P.L.  84-99  funds  would  be 
available  only  In  the  event  that  Imminent  flooding  was  substantiated  by  the  National 
Weather  Service  or  the  Corps  Water  Control  Section  and  It  was  determined  that  local 
and  State  resources  were  Inadequate  to  meet  the  need.  He  stated  there  was  no 
Imminent  threat  of  flooding  sufficient  to  trigger  the  P.L.  84-99  operations. 

4.  Colonel  Rapp  stated  that  measures  developed  after  careful  consideration  of  the 
water  resources  In  the  subbasin  would  be  of  much  greater  benefit  to  the  area 

than  measures  Implemented  under  emergency  conditions. 


3  Incl 


ALAN  FORSBERC 
Civil  Engineer 
Flood  Plain  Manage 
Projects  Branch 
Planning  Division 


snt  and  Small 


North  Dakota  Stale 
lAt iler  Commission 


GOVERNOR  ALlEN  t  OLSON 
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December  9,  1982 


Mr.  A1  Forsberg 

U.S.  Army  Engineer  District 

1135  U.S.  Post  Office  8  Custom  House 

St.  Paul,  MN  55101 


RE:  SWC  Project  #1721 
Dear  Mr.  Fprsbel^v 


This  letter  is  to  inform  you  of  the  status  of  the  floodplain  management 
efforts  in  Devils  Lake,  North  Dakota. 


Late  last  summer,  the  City  asked  the  State  Water  Commission  to  assist 
them  in  developing  a  floodplain  management  program.  They  are  interested 
in  doing  so  in  order  to  protect  future  development  from  flood  damages 
and  to  meet  their  requirements  that  are  a  condition  of  the  Section  20S 
project.  The  State  Water  Commission  agreed  to  provide  this  assistance. 

On  November  2,  1982,  I  met  with  several  Devils  Lake  city  officials  to 
begin  discussion  on  establishing  a  floodplain  management  program.  The 
meeting  was  intended  to  be  a  preliminary  one  -  to  set  out  a  plan  of 
action  and  outline  what  needs  to  be  done.  We  came  to  several  conclusions 


1.  Devils  Lake  needs  to  amend  its  zoning  ordinance  to  meet  the 
minimum  standards  of  the  National  Flood  Insurance  Program. 

2.  In  order  to  be  an  effective  program,  Creel  Township  as  well  as 
Devils  Lake  needs  to  be  involved  in  floodplain  management. 

3.  We  need  a  good  map  of  the  area  where  elevations  below  1440  can 
be  easily  identified. 

4.  A  general  meeting  of  governing  officials  should  be  held  to 
outline  the  proposed  floodplain  management  ordinance. 

5.  A  general  meeting  for  the  public  is  needed  to  inform  and  to 
gain  input  before  the  final  drafting  of  the  ordinance. 

As  you  know,  I  met  again  with  the  City  on  November  23rd  and  provided 
them  a  draft  amendment  to  their  ordinance.  This  draft  has  been  sent  to 
City  Council  members.  Once  we  receive  the  enlarged  quad  maps  from  you, 

I  will  plan  to  meet  with  the  City  again  to  formally  review  the  ordinance 
and  incorporate  any  changes  before  public  meetings  are  held. 


:  *  H  ,F-*v  r- 1  :*i:m ih.k  N>  i(  X ikot  i  t'j&fjQf)  (), ft//*..  • ! . 
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Mr.  A1  Forsberg 
December  9,  1982 
Page  2 


That  summarizes  our  activities  to  date.  I  will  keep  you  informed  on 
future  developments  as  we  progress.  Please  feel  free  to  call  if  you 
have  any  questions. 


Sincerely  yours. 


Program  Specialist 


MFM : dm 

cc:  Michael  Conner 

City  Administrator 
Devils  Lake,  ND 


DISPOSITION  FORM 
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Section  205  Flood  Control  -Study,  Devils  Lake,  North 
NCSPD-FS  Dakota  -  Coordination  MeetTrfE  with  City  Council 


Memo  for  Record 


NCSPD-FS 


t*Tf  13  December  1 96^  ’ 
FORSBERG/bq/5901 


1.  On  23  November  1982  Messrs.  Ralph  Berger,  ED-D;  Mike  Lesher,  ED-CH; 

Bob  Anfang,  PD-ER;  and  1  traveled  to  Devils  Lake,  North  Dakota.  The  pur¬ 
pose  of  the  trip  was  to  review  the  study  area  and  reet  with  the  local 
interests. 

2.  In  the  morning  we  met  with  two  representatives  of  the  U.S.  Fish  and 
Uildllfe  Service,  Messrs.  A1  Ludden,  Bismarck  office,  and  David  James, 

Devils  Lake  Uetland  office.  We  walked  along  the  alignment  of  the  south 
levee/dam  and  identified  features  such  as  culverts,  cattle  crossings,  and 
wetlands  that  will  affect  Che  design  of  the  project.  The  abandoned  Burlington 
Northern  railroad  embankment  has  a  culvert  and  cattle  crossing  which  regu¬ 
late  a  65-acre  wetland.  This  wetland  lies  between  the  embankment  and  Trunk 
Highway  (TH)  20,  and  the  U.S.  Fish  and  Uildllfe  representatives  believe 

it  provides  very  Important  wildlife  habitat.  There  is  also  some  wetland 
located  on  the  south  side  of  the  embankment  In  a  ditch.  It  may  be  difficult 
to  drain  an  area  located  south  of  the  railroad  embankment  and  north  of 
the  levee/dam.  Options  identified  Include: 


a.  Reverse  the  flow  la  the  railroad  embankment  ditch.  However,  the 
Impact  of  this  action  on  the  wetland  north  of  the  embankment  would  have 
to  be  determined. 

b.  Divert  flow  to  the  T.H.  20  ditch. 

c.  Drain  into  an  existing  sewer  system.  However,  the  city  engineer 
sgld  there  are  no  sewers  in  the  area. 

d.  Fill  the  low  area. 

e.  Allow  the  water  to  pond  and  create  additional  wetland* 


Mr.  Berger  will  review  the  levee  alignment  where  it  crosses  T.H.  20 
to  simplify  the  design  and  reduce  costs.  The  south  levee  could  be  e 
road  raise  or  constructed  adjacent  to  the  road. 

3.  Messrs.  Ludden  and  James  requested  that  we  consider  planting  prairie 
grass  species  on  the  structure's  and  borrow  area.  They  said  these  grasses 
should  be  burned  once  every  3  years  to  provide  the  best  wildlife  habitat. 
Dave  James  stated  the  Fish  and  Wildlife  Service  would  be  willing  to  do 
the  burning.  I  said  I  would  request  our  engineering  staff  and  the  local 
sponsor  to  consider  this  plan.  Any  maintenance  agreement  would  have  to 
be  with  the  local  sponsor,  but  consistent  with  the  operating  and  maintenance 
plan  the  Corps  would  provide  for  the  project. 
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NCS!'y-rs  13  net  ember  1962 

St’B-lLCT:  Section  205  Flood  Control  Study,  Devils  Lake,  North  Dakota  -  Coordina- 
I  tion  Meeting  with  City  Council 

In  the  afternoon,  we  walked  Boat  of  the  alignment  for  the  Creel  Bay  struc¬ 
ture  and  borrow  area.  These  features  would  be  constructed  across  open  meadow 
ok  cultivated  land,  except  for  the  reach  of  levee/dam  which  would  cross  Creel 
B^y.  No  relocation  of  structures  or  removal  of  trees  should  be  required. 

5.  It  did  not  appear  that  the  levee  south  of  the  airport  would  block  the 
view  the  residents  adjacent  to  T.H.  19  have  of  Creel  Bay.  The  landward  slope 
of  this  levee  could  be  flattened  somewhat  if  these  homeowners  object  to  the 
appearance  of  the  levee.  However,  this  reach  of  levee  is  low  (about  5  feet 
high)  and  should  not  be  too  obtrusive.  It  appears  tVat  access  roads  to  the 
borrow  area  could  be  constructed  from  T.H.  19  on  Landfill  Road.  The  present 
access  road  immediately  south  of  Creel  Bay  could  probably  be  upgraded  to  pro¬ 
vide  access  to  the  pumping  station. 

(.  Ralph  Berger  and  Bob  Anfang  have  photos  taken  during  the  field  review. 

7.  In  the  evening  a  meeting  was  held  to  discuss  the  Section  205  project.  A 
copy  of  the  attendance  list  and  the  minutes  prepared  by  the  city  administrator 
is  attached.  Some  additional  items  not  discussed  in  these  minutes  are: 

a.  1  stressed  that  construction  of  a  project  was  contingent  on  approval 
of  the  report,  availability  of  funds,  and  execution  of  the  local  cooperation 
agreement. 

b.  Ue  would  prepare  a  brief  emergency  plan  In  case  emergency  action  was 
needed  next  spring.  Ue  would  also  review  the  economic  feasibility  of  incor¬ 
porating  some  recreational  features  into  the  plan.  When  this  work  was  done  we 
mould  schedule  a  meeting  with  local  representatives  to  review  it.  Messrs. 
Jordon  Berg  and  Russ  Dushinske  requested  that  the  study  manager  for  the  Devils 
Bake  basin  justification  study  be  at  one  of  the  next  meetings  to  discuss  the 
basin  study. 

c.  The  local  representatives  did  not  anticipate  any  negative  aesthetic 
impacts  from  the  project.  They  believe  the  prairie  grass  and  the  periodic 
burning  of  these  grasses  would  be  acceptable. 

d.  The  city  has  hired  a  staff  city  engineer.  However,  according  to  the 
city  administrator  we  are  to  continue  coordinating  the  project  with  Mr. 

John  Olson  of  Olson  and  Kaufman,  Consulting  Engineers.  Mr.  Olson  stated 
about  200,000  yd3  of  borrow  was  available  near  the  south  stormwater  holding 
ponds. 


c.  Mr.  T.K.  Lydeck  requested  that  we  carefully  reconsider  the  proposed 
Zetland  between  the  Creel  Bey  structure  and  Landfill  Road.  He  stated  this 
wetland  would  provide  mosquito  habitat  and  that  the  backwater  from  the  wet¬ 
land  could  affect  the  stability  of  the  sewage  lagoon  dikes  and  reduce  the  flow 
velocities  in  the  ditches.  Based  on  conversations  with  John  Olson  and  ED-GH, 
the  backwater  probably  would  not  affect  the  stability  of  the  lagoon  dikes.  Mike 
Lasher  will  review  the  effects  of  the  backwater  on  the  hydraulic  characteristics 
of  the  ditches. 
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f.  The  pumping  station  will  be  designed  ao  the  city  could  install  a  land¬ 
spreading  pump  for  the  sewage  effluent.  The  Incremental  coat  of  this  feature 
would  be  a  local  cost.  Mike  Lesherhas  preliminary  data  on  this  pump. 

g.  1  stated  the  pumping  station  would  have  sufficient  capacity  to  restore 
the  water  storage  capacity  of  the  holding  ponds  within  7  days  after  a  100-year 
storm.  They  thought  this  was  reasonable. 

h.  1  stated  that  a  preliminary  review  of  groundwater  effects  associated 
with  high  lake  levels  was  being  prepared.  Information  collected  to  date  indi¬ 
cates  the  groundwater  problems  they  are  now  having  would  continue  and  perhaps 
increase  somewhat.  The  biggest  groundwater  problem  they  have  now  is  infiltration 
into  sewerlines.  However,  these  problems  should  not  become  substantially  greater 
with  higher  lake  levels  because  of  the  type  of  soils  and  geology  in  the  area. 

Mr.  Bob  Vhartman,  ED-CH,  is  preparing  a  discussion  of  this  effect  which  will  be 
Included  in  the  DPR. 


1  Incl  ALAN  FORSBERG 

as  Civil  Engineer 

Flood  Plain  Management  and 
Small  Projects  Branch 
Planning  Division 

CP:  (w/o  incl) 

ED-D/R.  Barger 
ED-CH /M.  Bowers 
ED-CH/M.  Lasher 
PD-ER/Bob  An fang 
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NCSPD-FS 


Section  205  Flood  Control  Study,  Devil*  Lake, 
North  Dakota  *  Coordination  Meeting 


Memo  for  Record 


NCSP.i-FS 


22  March  1983 
FORSBERG/bq/ 5901 


1.  On  15  March  1983,  Messr*.  Ed  Fick  and  1  traveled  to  Devil*  Lake, 
North  Dakota,  to  meet  with  local  interest*. 

2.  We  net  with  Messrs.  John  Olson,  engineering  consultant  to  the 
city  and  Cordon  Berg  upon  arrival  in  the  city.  I  collected  some 
survey  and  mapping  information  from  Mr.  Olson  and  briefly  discussed 
the  status  of  both  the  Section  205  and  basin  justification  studies. 

We  then  met  with  Messrs.  Patrie  and  DeCroot,  North  Central  Planning 
Council  and  discussed  a  coordination  contract,  the  status  of  two 
Devils  Lake  studies  and  solicited  their  views  on  these  studies. 

3.  That  evening  we  met  with  a  group  of  local  people,  the  mayor 

of  Devils  Lake  has  established  for  coordination  of  both  the  Section 
205  and  basin  justification  studies.  A  list  of  persons  attending 
the  meeting  and  an  outline  of  my  presentation  to  the  comltte*  is 
attached.  We  discussed  the  four  alternative  alignments  for  the 
south  levee.  The  group  concurred  with  the  selection  of  "D"  because 
it  is  about  $400,000  less  costly  and  would  provide  similar  protection 
to  the  next  best  alignment.  However,  one  group  of  houses  at  eleva¬ 
tion  1440  to  1445  would  not  have  freeboard  protection  with  "D,"  but 
would  with  alignments  A  through  C. 

4.  The  committee  asked  if  there  would  be  emergency  power  for  the 
pumping  station.  I  stated  it  probably  would  not  be  necessary  be¬ 
cause  of  the  large  amount  of  ponding  available,  but  I  would  review 
this  question  with  our  Design  Branch.  I  stated  the  pumping  station 
being  designed  for  the  draft  report  would  not  have  provisions  for  pump¬ 
ing  sanitary  water  to  a  landspreading  system.  The  necessary  infor¬ 
mation  from  the  city  is  not  available  and  to  wait  for  it  would  delay 
the  report.  Rowever,  we  could  Incorporate  sanitary  pumping  provisions 
between  the  draft  and  final  reports  or  for  plans  and  specifications. 
Additional  costs  due  to  sanitary  pumping  facilities  would  be  a  local 


5.  We  discussed  recreation  and  beautification  features  of  the  project. 
The  committee  will  consider  tha  desirability  of  a  trail  on  the  main 
structures  from  Lakewood  Road  to  the  borrow  area.  I  stated  that  we 
would  design  the  project  without  these  recreation  features  but  they 
could  be  added  between  the  draft  and  final  reports  at  their  request. 

We  discussed  cost  sharing  for  recreation  features,  the  uncertain  avail¬ 
ability  of  funds,  the  need  to  connect  to  a  trail  "system,"  and  the 
need  for  recreation  features  to  be  directly  related  to  the  permanent 
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flood  control  project.  They  requested  that  the  borrow  area  be  graded  to 
a  uniform  well-drained  condition  (no  landscape  mounds)  and  grass  and  trees 
be  planted. 

6.  We  discussed  the  emergency  cofferdam  plan  which  could  be  constructed 
if  the  lake  rises  to  damaging  levels  before  the  Section  205  project 
could  be  constructed.  The  lake  is  approximately  elevation  1427.  The 
watershed  storage  appears  full  and  the  soil  saturated.  If  the  lake  rises 
1  or  2  feet,  I  believe  the  emergency  cofferdam  should  be  constructed. 

I  recommend  that  water  levels  be  monitored  weekly. 

7.  John  Olson  provided  me  with  plans  for  the  watermaln  which  parallels  the 
BNRR  tracks  and  survey  data  for  TH  20  and  a  culvert  near  the  BNRR  tracks 
and  TH  19.  I  observed  water  flowing  through  this  culvert  and  east  In 

a  ditch  towards  Devils  lake.  The  culvert  passes  through  the  gravel  road 
about  50  feet  east  of  its  Intersection  with  the  tracks. 

8.  In  general,  the  committees  appeared  to  be  pleased  with  the  layout  of 
the  levee  and  interior  flood  control  features. 

9.  Mr.  Ed  Fick  discussed  the  basin  Justification  study.  The  committees 
appeared  to  be  very  interested  and  supportive  of  the  study.  There  was 
considerable  discussion  about  water  levels,  outlets,  water  quality  and 
study  schedules. 
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2  Incl  ALAN  T.  FORSBERG 

as  Acting  Chief,  Flood  Plain  Management 

and  Small  Projects  Branch 
Planning  Division 

CF i  (w/lncl) 

ED-CH/M.  Hunter,  L.  Dempsey 
ED-D/C.  Spltzack,  T.  Heyerman 
PD-ER/R.  Blackman 
PD-ES/E.  McNally 
PD-PF/E.  Fick 
EM/D.  Christenson 
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north  dakota 

state  highway  department. 


AUfNI  01  SON  GOVERNOR 


DUANE  R  LIFFRIG,  COMMISSIONER 

Devils  Lake,  North  Dakota  58301 


RAY  ZINK.  CHIEF  ENi 
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Mr.  Alan  Forsberg 

Department  of  the  Anny 

St.  Paul  District  Corps  of  Engineers 

1135  u.S.  Post  Office  and  Custom  House 

St.  Paul,  Minn.  55101 

Dear  Mr.  Forsberg: 

Enclosed  you  will  find  some  plan  and  profile  sheets  with  the  grades, 
vertical  curves  (in  red)  and  typical  ditch  sections  you  requested. 

The  pavement  in  place  Is  also  shown  on  these  profile  sheets.  The 
State  Highway  Department  would  want  the  same  type  surface  sections 
after  completion.  I  have  also  enclosed  a  recent  bid  price  listing 
of  materials  that  will  be  Involved  in  this  project. 

On  the  ND  Hwy.  19  crossing  you  will  only  have  a  .75  grade  raise  and 
for  such  a  small  increase  we  would  hate  to  have  you  break  up  our  pre¬ 
sent  surfacing.  We  would  rather  have  you  raise  this  with  a  hot  bi¬ 
tuminous  pavement  material. 

On  the  Hwy.  20  crossings  we  are  not  too  happy  with  alternate  #1  due 
to  the  design  problems  you  would  encounter  with  our  service  roads  and 
the  adjacent  properties.  If  you  do  decide  on  this  alternate  plan, 
these  problems  must  be  worked  out  prior  to  construction.  1  do  not 
foresee  any  problems  with  the  other  two  alternates.  We  only  showed 
one  profile  for  alternate  12.  Alternate  #3  can  be  adjusted  to  fit 
by  sliding  our  profile  60'  south.  You  will  need  18"  C.M.P.'s  and 
flapgates  or  some  other  positive  shutoffs  In  our  ditch  section  to 
maintain  drainage. 

1  hope  this  answers  all  your  questions,  but  If  you  do  have  any  fur¬ 
ther  questions  please  feel  free  to  call  701-662-4082. 

Yours  truly, 

Harvey  U  Nordln,  P.E. 

Asst.  District  Engineer 

jk 
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NCSPD-FS 


Devil*  Lake  Section  205  Flood  Control  Project 
Coordination  Meeting* 


Memo  for  Record  fR0M  NCSPD-FS  D*TI  11  April  1983  C**T  ' 

FORS BERG /bq/ 5901 


1.  During  the  morning  of  5  April  1983,  a  meeting  to  coordinate 
the  fish  and  wildlife  aspect*  of  the  recommended  plan  for  subject 
project  was  held  in  Bismarck,  N.D.  The  meeting  was  attended  by 
Messrs.  A1  Ludden,  O.S.  Fish  &  Wildlife  Service,  Ms.  Mary  Fran  Meyers, 
NDSWC ;  and  Bob  Anfang  and  Alan  Forsberg,  Corps  of  Engineer*.  This 
meeting  is  documented  in  a  7  April  1983  MFR  prepared  by  Mr.  Anfang. 


2.  During  the  afternoon  of  5  April  1983,  a  meeting  to  coordinate 
the  floodplain  management  plan  for  subject  project  was  held  in 
Bismarck,  N.D.  The  meeting  was  attended  by  Gary  Backstad,  Dale 
Frink,  NDSWC;  A  1  Ludden,  USFWS;  Virginia  Motoyamg,  FEMA;  and 
Bob  Anfang  and  Alan  Forsberg,  Corps.  The  agenda  for  the  meeting 
and  an  outline  of  my  brief  presentation  are  attached. 


3.  1  believe  the  NDSWC  and  the  city  of  Devils  Lake  are  making  good 
progress  towards  developing  a  floodplain  management  plan  consistent 
with  our  28  February  1983  letter  to  the  NDSWC.  The  conceptual  plan 
is  progressing  well.  Detailed  language  defining  boundaries  and 
"substantial  improvement"  of  existing  properties  is  still  being 
developed  and  will  be  critical  to  an  effective  plan.  This  work  is 
being  coordinated  with  FEMA.  Ms.  Motoyama  believes  elevation 

1440  could  be  administratively  adopted  as  equivalent  to  the  100-year 
flood.  1  stressed  the  importance  of  no  development  below  the  meander 
line,  not  "moving"  the  meander  line  and  regulating  Creel  and  Grand 
Harbor  Townships  as  well  as  the  city  of  Devils  Lake. 

4.  Alary  Fran  Meyer  said  they  would  be  meeting  soon  with  the  city, 
and  requested  a  copy  of  the  general  plan  of  the  Section  205  project. 


2  Incl  ALAN  T.  FORSBERG 

as  Acting  Chief,  Flood  Plain  Management 

and  Small  Projects  Branch 
Planning  Division 

CFi 

PD-ER/Bob  Anfang 
PD-ES/Suzanne  Gaines 
PD-PF/Bill  Spychal la 
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State  of  North  Dakota 

EXECUTIVE  OFFICE 
BISMARCK 

allen  i  olson 
GOVERNOR 

May  6,  1983 


Colonel  Edward  C.  Rapp 

District  Engineer 

St.  Paul  Corps  of  Engineers 

1135  u.S.  Post  Office  &  Custom  House 

St.  Paul,  Minnesota  55101 

Dear  Colonel  Rapp: 

Since  my  letter  of  March  24,  we  have  been  extremely  fortunate  In  that  our 
statewide  flooding  problems  have  been  reduced  to  the  Devils  Lake  Basin.  The 
current  lake  level  Is  about  1428.0  and  rising  to  an  anticipated  elevation  of 
1429.0. 

As  you  well  know,  these  levels  have  already  and  will  continue  to  present 
major  problems  for  this  area  of  our  state. 

State  and  local  governments  have  Initiated  several  actions  to  protect 
property,  facilities  and  resoufxes  In  the  Devils  lake  Basin. 

Because  flooding  Is  already  taking  place,  I  have  ordered  several  state 
agencies  to  provide  me  with  a  plan  of  action  to  deal  with  present  and  future 
problems.  The  extent  of  these  problems,  throughout  the  entire  Devils  Lake  Ba¬ 
sin,  will  severely  Impact  on  existing  state  and  local  resources. 

At  this  time  I  believe  It  Is  necessary  to  request  specific  assistance  from 
the  Corps  of  Engineers  to  deal  with  a  problem  of  Immediate  concern.  I  ask  for 
you  to  use  authorities  under  Public  Law  99  to  begin  actions  planned  under  the 
Corps  205  Project  for  Devils  Lake,  which  deal  with  the  construction  of  a  coffer¬ 
dam.  In  my  opinion,  this  project's  completion  Is  critical  prior  to  this  fall. 
Construction  of  the  dam  would  eliminate  undue  pressure  on  the  existing  temporary 
dike  which  now  protects  the  City  of  Devils  Lake  sewage  lagoon  system. 

Because  of  the  high  water  levels,  the  existing  dike  Is  already  receiving 
damage.  If  this  dike  should  fall,  the  sewage  lagoon  system,  which  Is  being 
taxed  to  capacity.  Is  In  serious  danger  of  being  severely  damaged.  Any  damage 
to  the  existing  lagoon  system  would  present  a  serious  public  health  problem  to 
the  people  of  Devils  Lake.  I  believe  the  cofferdam  Is  Important  to  protect  the 
sewage  lagoon  system,  the  existing  dike,  and  to  complement  the  existing  205 
Project  as  planned.  Since  the  cofferdam  construction  Is  part  of  the  Corps  pro¬ 
ject  already  being  developed,  funds  spent  would  simply  be  expended  earlier  than 
originally  planned. 
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Colonel  Edward  C.  Rapp 
Page  2 
May  6,  1983 


It  would  be  most  helpful  If  you  can  speed  up  the  present  project  and  also 
provide  technical  and  equipment  assistance  as  the  situation  requires. 

As  In  the  past,  I  ask  you  to  coordinate  this  assistance  through  Mr.  Ronald 
D.  Affeldt,  Director,  Division  of  Disaster  Emergency  Services. 

Thank  you  for  your  prompt  consideration  and  assistance  In  this  extremely 
critical  matter. 


Sincerely, 


ALLEN  1.  OLSON 
Governor 


kplt  to 

ATTEMTIOa  OF: 


OCMARTMCNT  OF  THC  ARMY 
ST  PAUL  OISTMICT  COMPS  OP  SNOINCIMS 
lias  U  S  POST  OPPICt  A  CUSTOM  HOOSt 
ST  PAUL.  MINNSSOTA  8*101 

Hay  11.  1983 


Emergency  Management  Division 


Honorable  Allen  I.  Olson 
Governor  of  North  Dakota 
State  Capitol 

Bismarck,  North  Dakota  S8505 


Dear  Governor  Olson: 

I  aa  responding  to  your  May  6,  1983  letter  concerning  the  high  water 
levels  in  the  Devils  Lake  basin. 

We  agree  with  the  State  and  National  Weather  Service  predictions  that 
water  levels  will  rise  through  June  but  probably  will  not  exceed  1428. S  feet. 
The  long  range  forecast  for  the  next  aonth  is  for  below  noraal  rainfall. 

Given  this  appraisal,  we  believe  that  flood  protection  for  this  suaawr  can 
best  be  achieved  by  defending  at  Landfill  Road  for  lake  levels  less  than  1429. 
We  have  provided  puaps  at  Landfill  Road  and  are  prepared  to  provide  additional 
puaps  and  technical  assistance  to  the  city. 

Should  the  lake  level  exceed  1428.6  because  of  basin-wide  stones  with 
heavy  rainfall  or  a  very  wet  sumr,  we  would  reevaluate  the  situation.  If 
conditions  unexpectedly  becoae  worse,  we  could  provide  additional  advance 
measures  under  Public  Law  84-99.  Attached  are  excerpts  from  the  Federal 
regulations  governing  such  operations.  Additional  flood  threat  and  specific 
evidence  of  State  and  local  commitment  would  be  required  before  we  could 
emplace  an  emergency  cofferdam  in  advance  of  the  Devils  Lake  205  project. 

A  better  approach  is  to  accelerate  the  planning,  design,  and  construction 
of  the  Devils  Lake  205  project  at  Creel  Bay.  We  are  moving  forward  to  June  83, 
the  publication  of  the  draft  report.  With  approval  from  the  Office,  Chief  of 
Engineers  and  the  appropriation  of  funds,  it  would  be  possible  to  complete  the 
final  plans  and  specifications  in  time  for  a  fall  1983  award  and  construction 
of  a  cofferdam  at  the  head  of  Creel  Bay.  This  measure  would  provide  temporary 
protection  to  elevation  1433  while  the  permanent  205  project  is  under  construc¬ 
tion.  We  believe  this  approach  would  minimise  risk  in  the  most  cost  effective 
way. 


The  cofferdam  should  be  built  this  fall  under  less  haxardous  wave  conditions. 
Putting  the  cofferdam  in  now  to  last  two  full  seasons  would  cost  two  to  three 
times  more  than  if  we  waited  until  October-Nov ember  1983.  The  lake  level  pre¬ 
diction  does  not  justify  this  added  cost. 
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Governor  Allen  I.  Olson 


We  will  be  aeeting  with  aeabers  of  /our  staff  at  Bisaarck  on 
May  19,  1983.  In  the  aeantiae,  we  will  continue  to  coordinate  closely 
with  the  State  and  Devils  Lake  officials  on  plans  to  miniaize  damages  in 
the  basin. 


Edward  G.  Rapp 
Colonel,  Corps  of  Engineer* 
District  Engineer 


Sincerely, 


Copy  Furnished: 

Mr.  Ronald  D.  Affeldt,  Disaster  Eaergency  Svcs 
Mr.  Vem  Fahy,  ND  State  Water  Coaaission 
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United  States  Department  of  the  Interior 

BUREAU  OF  MINES 

P.  O.  BOX  25086 

Bt  lU>!N<.  >0,  DENVER  FEDERAL  CENTER 
DENVER.  COLORADO  80225 

Intermountain  Field  Operations  CanCar 


July  19,  1983 


Colonel  Edward  C.  Rapp,  District  Engineer 
|St .  Paul  District,  Corps  of  Engineer* 

ATTN:  Planning  Division, 

Flood  Plain  Managenent  and  Snail  Pro Joe ta 
1133  U.S.  Post  Office  &  Cue ton  House 
St.  Paul,  Minnesota  35101 

Dear  Colonel  Rapp: 

Bureau  of  Mines  personnel  have  reviewed  the  Draft  Davila  Lake,  North  Dakota, 
Flood  Control  Project  Section  205  Detailed  Project  Report  and  Environmental 
Aasessaant  for  Its  treatment  of  alneral  resources  In  or  near  the  project  area. 

Our  records  Indicate  one  sand  end  gravel  operation.  In  section  34  of  T  153  N, 

R  64  W,  within  the  project  area.  We  suggest  that  future  versions  of  the 
report  Include  an  Inventory  of  known  and  potential  alneral  resources,  and  a 
brief  discussion  of  the  effects  the  project  nay  have  on  then. 

Sincerely  youra. 


Jinks ,  Acting  Chief 
Internountaln  Field  Operations  Center 
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CITY  C0MM6S0N 
0«mm  l.  ttffm.  Frmtdm 
jmMM 
Cass  Basse 
Sam  Sofff 
fanwl  Tkonon 


July  19,  1983 


Colonel  Edward  G.  Rapp 

District  Engineer 

U.S.  Army  Corps  of  Engineers 

1135  U.S.  Post  Office  end  Custom  House 

St.  Paul,  Minnesota  55101 


Dear  Colonel  Rapp: 

This  Is  a  letter  of  Intent  for  the  Section  205  flood  control  project 
at  Devils  Lake,  North  Dakota. 

Ue  have  been  involvad  in  planning  for  the  project  and  have  reviewed 
the  draft  detailed  project  report.  The  city  of  Devils  Lake  supports 
construction  of  the  re co amen dad  flood  control  plan.  The  city  is  legally 
constituted  and  has  the  capabilities  to  satisfy  tha  requirements  of  local 
cooperation. 

In  accordance  with  Section  221  of  Public  Law  91-611,  approved  on 
December  31,  1970,  as  amended,  the  city  as  local  sponsor  would  agraa 
to : 

1.  To  provide  without  cost  to  tha  United  States  all  lands, 
easements,  and  rights-of-way ,  Including  ponding  and 
borrow  areas,  necessary  for  the  construction,  operation, 
and  maintenance  of  the  projects 

2.  To  accomplish  all  alternations  and  relocations  of  buildings, 
straats,  and  utilities,  except  for  those  utilities  that  are 
an  Integral  part  of  project  structures; 

3.  To  hold  and  save  the  United  States  free  from  damages  caused 
by  tha  construction  and  the  subsequent  operation  and  main¬ 
tenance  of  the  project,  except  damages  due  to  the  fault  or 
negligence  of  the  United  States  or  its  contractors; 


Colonel  Edward  G.  Rapp 
July  19,  1983 
Page  2 


4.  To  provide  all  costs  In  excess  of  the  $4,000,000  Federal 
cost  limitation; 

5.  To  maintain  and  operate  the  project  after  completion 
without  cost  to  the  United  States  in  accordance  with 
regulations  prescribed  by  the  Secretary  of  the  Army; 

6.  To  prevent  any  encroachment  on  constructed  works  and 
ponding  areas  that  would  interfere  with  the  proper 
functioning  of  the  project;  and,  if  ponding  is  impaired, 
to  provide  promptly  and  without  cost  to  the  United  States 
substitute  storage  or  equivalent  pumping  capacity; 

7.  To  comply  with  the  applicable  provisions  of  the  Uniform 
Relocation  Assistance  and  Real  Property  Acquisition 
Policies  Act  of  1970,  Public  Law  91-646,  approved  January 

2,  1971,  in  the  acquisition  of  lands,  easements,  and  rights- 
of-way  necessary  for  the  construction  and  subsequent 
maintenance  of  the  project;  and  to  advise  affected  persons 
of  pertinent  procedures,  policies,  and  benefits  in  con¬ 
nection  with  this  act; 

8.  To  comply  with  Section  601  of  Title  VI  of  the  Civil  Rights 
Act  of  1964  (Public  Law  88-352)  and  with  Department  of 
Defense  Directive  5500.11  Issued  in  response  to  this  act 
and  published  in  Part  300  of  Title  32,  Code  of  Federal 
Regulations,  in  connection  with  the  construction  operation, 
and  maintenance  of  the  project; 

9.  Establish  and  enforce  a  floodplain  management  program  for 
the  city  of  Devils  Laka  and  for  the  portions  of  Creel  and 
Grand  Harbor  Townships  subject  to  the  zoning  authority  of 
the  city.  It  would  include  the  following  provisions: 

a.  All  new  development  or  substantial  improvements 
to  existing  development  within  the  protected  area  of 
this  project  below  elevation  1440  feet  msl  would  be 
raised  or  floodproofed  to  an  elevation  of  1440  feet. 

b.  Annual  warnings  would  be  published  that  all 
land  below  the  elevation  of  the  natural  lake 
outlet  has  been  inundated  in  the  past  and  could 

be  again. 

c.  All  persona  proposing  new  development  on  or 
purchasing  property  lying  below  the  elevation  of 
the  natural  outlet  would  also  receive  this  warning. 
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d.  The  program  would  be  coordinated  with  the 
State  and  Federal  Emergency  Management  Agency. 
Thia  coordination  would  enaure  that  the  program 
is  consiatent  with  State  and  Federal  Floodplain 
Management  Programs. 

e.  If  an  outlet  for  the  lake  is  constructed, 
the  1440  foot  msl  regulatory  elevation  within 
the  protected  area  of  this  project  would  be 
replaced  by  a  new  elevation  consistent  with 
Federal  Emergency  Management  Agency  and  State 
floodplain  management  policies. 


1  understand  chat  these  requirements  will  be  included  in  the  final 
detailed  project  report  and  the  local  cooperation  agreement  (Section  221 
agreement).  I  also  understand  the  Section  221  agreement  would  be  the 
written  contract  between  the  city  and  the  Corps.  Execution  of  the 
Section  221  agreement  would  follow  approval  of  the  final  detailed  project 
report  and  precede  Issuance  of  construction  funds,  contingent  on  the 
availability  of  funds.  The  final  project  costs  would  be  determined  after 
final  payment  to  the  construction  contractor  is  made.  The  local  share  of 
the  project  costs  would  then  be  adjusted  to  reflect  actual  rather  than 
estimated  costs. 


Sincerely , 


o 


Dennis  L.  Riggin,  President 
Devils  Lake  City  Coanission 


MJC/pr 
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United  States  Department  of  State 
ffhshinglon,  D.C.  20520 


July  21,  1983 


Colonel  Edward  G.  Rapp 
St.  Paul  District 

Corps  of  Engineers,  Department  of  the  Army 
1135  u.S.  Post  Office  fc  Custom  House 
St.  Paul,  Minnesota  55701 

Dear  Colonel  Rapp: 

I  refer  to  your  letter  of  June  27,  1983  concerning  the 
Draft  Devils  Lake  Flood  Control  Project  Section  205  Detailed 
Project  Report  and  Draft  Environmental  Assessment. 

I  note  the  reference  to  the  Garrison  Diversion  unit  (page 
2-3)  and  the  reported  indefinite  deferral  of  development  of  the 
warwick-McVille  irrigation  area.  I  further  note  that  Table  1 
of  the  Draft  Environmental  Assessment  (page  EA-3 )  indicates 
that  E.O.  12114  (Environmental  Effects  Abroad  of  Major  Pederal 
Actions)  is  "Hot  applicable." 

The  related  "Finding  of  No  Significant  Impact"  concludes 
that  an  environmental  impact  statement  will  not  be  prepared  in 
connection  with  this  project. 

Sincerely, 


✓y^roffiftllaon  - - .. 

-&6puty  Director 

Office  of  Environment  and  Health 
cc:  DOI  -  Mr.  Sturgill 
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DEPARTMENT  OF  HEALTH  &  HUMAN  SERVICES 


July  22,  1983 


Office  of  the 
Regional  Director 


Region  vni 

Federal  Office  Building 
1961  Stout  Street 
Denver  CO  80294 

ROFEC 


Edward  G.  Rapp 

Colonel,  Corps  of  Engineers 

District  Enqineer 

Dept,  of  the  Army 

St.  Paul  District 

1135  U.  S.  Po3t  Office  &  Custom  House 
St.  Paul,  Minnesota  55101 

Dear  Colonel  Rapp: 

We  have  reviewed  the  Draft  Devils  Lake  Flood  Control  Project,  Section 
205  Detailed  Project  Report  located  at  Devils  Lake,  North  Dakota. 

We  have  concluded  that  the  present  availability  of  social  services 
in  the  impacted  area  may  be  adequate.  However,  should  population 
growth  rise  drastically  in  the  affected  community,  additional  social 
services  would  be  required. 

We  suggest  that  the  North  Dakota  Department  of  Human  Services  be  added 
to  the  list  of  agencies  from  which  comments  are  to  be  solicited. 


Sincerely  yours, 


fe.  if.  Mclntire 
Contracting  Officer 


Department  of  Energy 

Western  Area  Power  Administration 

Billings  Area  Office 

P.O.  Box  EGY 

Billings.  Montana  59101 

In  r.pty  rH.i  to  B22C0|  83000 


JUL  2  7  1983 
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Alan  Forsberg 
Planning  Division 

Flood  Plain  Management  and  Small  Projects 
Department  of  the  Army 
St.  Paul  District,  Corps  of  Engineers 
1135  U.S.  Post  Office  and  Custom  House 
St  Paul ,  MN  55101 

Subject:  Section  205  Detailed  Project  Report--Fl ood  Control  Project  at 
Devils  Lake,  North  Dakota 

Dear  Mr.  Forsberg : 

Reiterating  your  telecon  of  July  22,  1983,  with  Bob  Jones  of  my  staff.  Western 
Area  Power  Administration  (Western)  has  two  (2)  transmission  lines  crossing  the 
north  edge  of  Creel  Bay  for  which  we  are  investigating  various  alternatives  for 
Improving  access  for  structure  maintenance  and  Increasing  overwater  clearances. 
Cost  estimates  are  currently  being  developed  for  the  various  alternatives.  The 
alterantlves  were  previously  presented  In  a  July  21,  1983,  letter  to  Colonel 
Edward  G.  Rapp,  District  Engineer,  St.  Paul  District,  St.  Paul,  Minnesota. 

After  recently  receiving  and  reviewing  your  project  report,  It  appears  that  If 
you  could  move  the  North  Embankment  to  the  southwest.  Western  could  re-route 
Its  transmission  lines  around  It  on  dry  land.  Enclosed  Is  a  machine  copy  of 
Figure  10  from  your  report,  marked  In  red  to  show  the  possible  relocation  of 
the  embankment  In  relation  to  Western's  transmission  lines. 

We  understand  the  Corps  would  consider  locating  the  embankment  to  accommodate 
our  needs.  Would  you  please  develop  cost  estimates  reflecting  the  costs  of 
constructing  the  North  Embankment  in  our  proposed  location?  If  this  plan, 
compared  to  our  other  plans,  would  reduce  our  cost.  Western  could  contribute 
funding  towards  construction. 


r 


Please  also  furnish  us  the  dates  of  any  public  meeting  the  Corps  plans 
conducting  for  this  project  and  your  proposed  construction  schedule. 


Sincerely, 

JAMES  D.  DAVIES 

James  D.^Davles 
Area  Manager 


Enclosure 

cc:  iColonel  Edward  G.  Rapp,  District  Engineer,  U.  S.  Army  Corps  of  Engineers, 
[St.  Paul,  MN  (w/cy  of  end) 


Corps  of  Engineers  Note.  After  this  letter,  the  Western  Area  Power 
Administration  completed  their  analysis  of  alternative  power  line 
alignments  and  chose  a  plan  that  does  not  affect  the  design  of  the 
flood  control  project. 
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District  Engineer 

St.  Paul  District,  Corps  of  Engineers 
ATTN:  Planning  Division 
1135  DS  Post  Office  &  Custom  House 
St.  Paul  ,  MN  55101 

Re:  Section  205  Detailed  Project  Report 
Devils  Lake  Flood  Control  Project 

1  have  reviewed  the  referenced  report  and  concur  in  general  with  the  proposed 
project  details  as  they  may  affect  area  state  highways.  I  offer  the  follow¬ 
ing  cornents  on  specific  details  that  should  be  considered  in  your  final  de¬ 
sign  process. 

The  portion  of  the  south  embankment  in  the  area  between  ND  Highway  20  and 
the  service  road  does  not  comply  with  current  department  safety  standards. 

We  presently  require  6:1  slopes  on  all  driveways  and  ditch  blocks  that  abut 
on  state  highways.  I  would  suggest  that  the  north  face  of  the  embankment  in 
the  ininediate  area  of  the  highway  be  flattened  to  6:1  ( H :  V ) . 

I  am  also  concerned  with  the  operational  characteristics  of  the  embankment 
in  this  same  area.  Since  the  top  of  the  embankment  will  be  nearly  flush 
with  the  surface  of  ND  Highway  20,  there  may  be  a  tendancy  for  motorists  to 
use  the  embankment  as  a  driveway.  If  it  is  necessary  for  the  embankment 
elevation  to  be  nearly  the  same  as  the  highway  grade,  I  would  suggest  that 
the  embankment  be  widened  sufficiently  to  serve  as  a  driveway  and  the  drive¬ 
ways  presently  located  near  Sta.  35+00,  your  survey,  be  eliminated.  If  this 
action  is  taken,  the  existing  driveway  west  of  the  highway  at  Sta.  35+00 
should  also  be  relocated  to  match  conditions  on  the  east  side. 

In  regard  to  the  proposed  culvert  removal  and  Installation  of  new  culverts 
on  ND  Highway  19  near  the  north  ponding  a-'  I  believe  that  project  details 
should  allow  for  settlement  of  disturbed  roadway  embankment  material  and 
subsequent  need  for  future  pavement  repairs.  It  is  my  experience  that  it 
is  very  difficult  to  compact  disturbed  soil  adequately  in  such  circumstances 
in  order  to  avoid  all  future  consolidation.  Thus  it  is  normal  for  some 
settlement  to  occur,  creating  a  bump  in  the  highway  surface.  In  order  to 
correct  this,  I  would  suggest  that  project  documents  assign  responsibility 
for  any  necessary  future  maintenance  of  disturbed  roadway  areas. 

Prior  to  beginning  construction  on  this  project,  it  will  be  necessary  for 
my  office  to  process  permits  authorizing  any  proposed  work  within  the  state 


highway  rights  of  way.  In  order  to  accomplish  this,  I  would  appreciate 
having  the  opportunity  to  review  the  final  plans  at  an  early  date. 

If  my  office  can  be  of  any  further  assistance  in  this  project,  please  let 
me  know. 


Clay  F.  Sorneson 
District  Engineer 


jk 


Corps  of  Engineers  Note*  The  St.  Paul  District  will  coordinate  plans 
and  specifications  with  the  State  Highway  Department. 


un\ten  po coew  association 
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Colonel  Edward  G.  Rapp 

District  Engineer 

Department  of  the  Army 

St.  Paul  District,  Corps  of  Engineers 

1135  U.S.  Pos^  Office  &  Custom  House 

St.  Paul,  Minnesota  55101 

ATTN:  Planning  Division 

Flood  Plain  Management  and  Small  Projects 

Dear  Colonel  Rapp: 

We  received  the  Draft  Devils  Lake  Flood  Control  Project  Section 
205  Detailed  Project  Report  and  Environmental  Assessment  on 
July  11,  1983.  As  you  requested,  we  have  reviewed  the  document 
and  have  the  following  cocments  to  offer. 

The  recommended  plan  (Plan  B)  involves,  in  part,  the  construction 
of  a  flood  barrier  and  pumping  station  at  the  neck  of  Creel  Bay 
southwest  of  Devils  Lake.  The  flood  barrier  is  known  as  the  Creel 
Bay  embankment.  United  Power  Association  (UPA)  owns  and  operates 
a  230  kilovolt  high  voltage  transmission  line  which  presently 
crosses  the  area  proposed  for  construction  of  the  Creel  Bay 
embankment.  The  UPA  transmission  line  is  the  line  depicted  in 
Figure  10  of  the  subject  document  crossing  the  embankment  in  the 
area  of  the  proposed  pumping  station.  As  best  as  we  can  determine 
from  information  in  the  document,  the  pumping  station  is  proposed 
tc  be  located  in  the  immediate  vicinity  of  our  transmission  line. 

Both  the  pumping  station  and  the  embankment  will  require  modifications 
of  our  facilities.  Preliminary  review  by  our  engineering  personnel 
indicates  chat  a  transmission  structure  and  support  guys  may  be 
necessary  on  the  embankment  as  well  as  relocating  several  other 
structures  in  the  area.  We  would,  of  course,  expect  to  be  reimbursed 
for  the  costs  of  these  changes,  should  they  become  necessary. 

We  look  forward  to  working  closely  with  your  office  to  effect  any 
changes  to  our  facilities  which  may  be  necessary  because  of  the 
flood  control  project  at  Devils  Lake.  We  request  that  you  keep 
us  informed  of  the  progress  of  the  project.  Please  let  us  know 
if  we  can  be  of  any  further  assistance. 

Sincerely  yours. 


UNITED  POWER  ASSOCIATION 


Dan  McConnon,  Manager 
Environmental  and  Lands  Division 

DM : sto 


Corps  of  Bntineera  Motet  The  St.  Paul  District  will  conduct  coordina¬ 
tion  during  preparation  of  plans  and  specifications  to  ensure  that 
there  is  no  conflict  between  the  DPA  power  lines  and  the  s»ln  eabanlment. 
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Room  688,  Building  67 
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Colonel  Edward  G.  Rapp 
District  Engineer 
St.  ?au1  District,  Corps  of 
Engineers 

i 135  U.S.  Post  Office  and 
Custom  House 

St.  Paul,  Minnesota  55101 
Dear  Colonel  Rapp: 

We  have  reviewed  the  Draft  Detailed  Project  Report  and  Environmental 
Assessment,  Flood  Control  Project  at  Devils  Lake,  Ramsey  County,  North  Dakota, 
and  have  the  following  comments. 

rish  and  Wildlife  Resources 


The  combined  report  and  assessment  adequately  describes  existing  fish  and 
wildlife  resources  and  adequately  evaluates  project  construction  Impacts.  Our 
concerns  have  been  resolved  through  early  coordination  and  the  selection  of 
Alternative  "B  with  Its  mitigation  features.  We  concur  with  the  selected 
pian. 

Cultural  and  Recreational  Resources 


In  view  of  the  acknowledged  significance  of  the  Devils  Lake  area  as  a 
recreation  resource,  we  recommend  that  the  Corps  of  Engineers  continue  to 
pursue  discussions  with  local  officials  with  regard  to  the  Inclusion  of 
recreational  facilities  with  this  project. 

V.'e  '/ere  pleased  to  see  that  the  consultation  with  the  North  Dakota  State 
Historic  Preservation  Officer  has  taken  place  and  that  cultural  resource 
surveys  have  been  completed  for  most  of  the  project  area.  The  Corps  of 
Engineers  Is  to  be  commended  for  Its  attention  to  recreational  and  cultural 
resources  during  the  planning  process  for  this  project. 


■-S3 
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Mineral  Resources 


Sand  and  gravel  Is  the  sole  mineral  product  produced  in  Ramsey  County,  North 
Dakota.  Bedrock  beneath  the  site  is  the  Cretaceous  Pierre  Formation, 
predominantly  shale  with  a  maximum  thickness  of  600  feet.  Above  the  shale  is 
glacial  drift,  ranging  from  a  few  feet  to  over  350  feet  In  thickness.  Other 
than  the  sand  and  gravel,  there  are  no  known  mineral  values  in  the  project 
area. 


Sincerely, 

Robert  F.  Stewart 

Regional  Environmental  Officer 
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DEVILS  LACE  FLOOD  CONTROL  PROJECT 
SECTION  205 

DETAILED  PROJECT  REPORT 
APPENDIX  X 

O.S.  FISH  AID  WILDLIFE  SERVICE  COORDINATION  INFORMATION 
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NOVBMBER  6,  1980,  LETTER  PNOM  ST,  FAOL  DISTRICT 
ENGINEER  TO  O.S.  FISH  AND  WILDLIFE  SERVICE 
NOVEMBER  28,  1980,  LITTER  FROM  U.S.  FISH  AND  WILDLIFE 
SERVICE 

FEBRUARY  23,  1981,  LETTER  FROM  ST.  FAOL  DISTRICT 
TO  O.S.  FISH  AND  WILDLIFE  SERVICE 
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6  dOVUaber  1'i 


Mr., Uiloert  Kjty 
Area  director 

U.S.  Kis  i  end  w’lld  life  Service 
liJj  Capitol  Avenue 
eiunaroi,  .tor la  Ja&uu  j»jJl 

boar  Mr.  r.ey: 

*:»c  Sc.  real  uistriet  in  curreutly  investigating  alter. mtive  solutions  Co  protect 
Ciid  city  or  Jovils  base,  hortn  nakota,  frou  too  rising  water  levels  oi  bavils 
Urn  In  tao  vie  laity  of  Crual  Jay.  lav  proposed  project  would  ito  located  vlt«- 
in  it  aiaua  of  tu«  city  snu  would  consist  or  various  lcvco  end  interior  nrni»ieg« 
alternations.  i'rali.niuary  ajaljnli  ess  sbouu  tuac  construction  of  a  luvoc  across 
tl  mi  nead  of  Cruel  Jay  jest  Mat  of  Laud  fill  loaJ  would  do  tne  uost  coat -effective 
alternative.  bependlu*  on  tee  level  of  protection  provluod,  additional  align- 
aauta  any  alao  ue  neceaaary  along  Truu*  iiigoway  11  south  of  toe  airport  plus  near 
Che  intersection  of  Trunk  digamy  20/37  and  the  kerliugtou  northern  Ssilroad  tracks 
eoutn  of  the  city.  Too  levee  plan  would  also  include  couatructiou  of  interior 
drainage  facllitlos.  On  tno  inclosed  nap,  proposal  levee  ailgoaunts  arc  designa¬ 
ted  in  red  and  teeporary  holding  areas  for  Interior  drainage  waters  are  suowa  wi ru¬ 
in  existing  contours  in  blue.  Too  study  would  not  include  long-tern  plana  to 
prevent  dnaeges  if  tne  laae  continues  to  rise,  seen  au  a  plan  to  stabilize  tne 
la. re  level  oy  constructing  an  outlet. 

In  nucurunnue  witn  tnu  m«da adored  Species  Act  of  1*71.  as  sounded,  wu  request 
inf  orran  cion  on  the  proson cs  of  threatened  or  and  anger  ad  spades  in  tea  project 
area. 

If  you  neve  any  questions  concerning  title  request,  plaaj*  contact  Mr.  Uoobia 
dine  man  of  cue  cavironneatai  &e*o  arcus  d ranch  at  I'lo  7J3-72JJ.  Tun.  ut  /ju  for 
your  cooperation. 


Sincerely, 


1  loci 
As  stated 


wcuiAX  v.  sAjcaa 
Colouel.  Corps  of  haginaurs 
district  tug laser 
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United' States  Department  of  the  Interior 

fish  an* j  a  n. n;jrr;  '-TK\  ir» 

r\iir.A  OrriCJ  '/‘■.n*  !  ,\ 

I.VaiCAi’I  Mt|.  \  .  i  \  i_  t 
5  0  HO>. 

PISMAHCK.  N'  .i'.Ti)  f  ‘.f.OTA  :  -  -ij 


NOV  2  S  1330 


i ...  r.s(.;»r 

;  :• :  •  c  e  r ,  Corps  of  Engineers 

El.  ~  a ./  j:stnct 

lt*S  U.  S.  Post  Office  ana  Custom  House 
Feul  ,  Minnesota  551C1 

tear  Colonel  Badger: 

TMs  responds  to  your  letter  of  f.over.ber  6,  12S0,  relating  to  threatened  or 
enaarrerec  species  and  a  proposea  levee  and  orainage  project  near  Devils  Lake, 
,\ortr,  „CKOta. 


Tr.e  following  enGangered  species  could  be  found  in  the  project  area: 

bald  eagle  (Haliaeetus  leucocephalus) 
peregrine  falcon  (Falco  peregrinus) 

Boon  siecies  ..culd  occur  in  a  migratory  or  transient  status. 

If  we  can  be  of  further  assistance  on  tnis  natter,  please  aavise. 

Sincerely  yours ,. 


Gilbert  E.  Key 
Area  Manager 
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AhF/UG/db/7771 
23  February  19S1 


r.  Gilbert  i..  <.cy 

'bin..;  cr 

.  ..  .  Fit;. i  a;w!  t.lldllfti  Service 
.  i 

rcl:,  ..ort'.i  «;n!.ota  5;'501 


r  ;r . 


,.ovi-  r  1  ‘  ■  ,  vv  received  a  letter  froti  your  office  lintiiu: 
v.  .....;;,.«re..  3,.cci»-s  w  .leu  could  occur  in  the  ;)evils  L a‘..c,  ; .ort'.i  oahotn, 

.'tin'  coi'irci  jC.u./  area.  In  accordance  with  the  ..uJait,  ereii  Species  Act 
v. tr73.  as  ,  Cue  endenjered  species  assesotienc  for  t.<o  Anvils  La’ce 

f-u-tio:.  2*3j  fiooJ  coutrol  study  la  Inclosed  for  your  review. 

I:.  'c  i  hive  un/  ^.iestio*>,a  nr  require  n.iJitional  information,  please  contact 
:  .  .c  u  t.  Mticljjtn  of  the  i.'nvlro mental  TUsaources  lirnucli  at  ITS  725-7233. 
t,...  ...  you  for  your  cooperation. 

Sincerely, 


rrru;*.  a.  risc.hK 

Chief,  ;.«:;i!iecrini*  .:i''i8lon 


1-3 


ENDANGERED  SPECIES  ASSESSMENT 
DEVILS  LAKE,  NORTH  DAKOTA 
FLOOD  CONTROL 


:.‘<Q  PROJECT  DESCRIPTjJN 


.'<1  ion 

‘.01  A  closed  La:  :n.  Devils  Lake  is  located  in  northeastern  North 
Dakota  and  receives  the  runoff  from  approximately  3,580  square  miles 
located  largely  north  of  the  lake.  Devils  Lake  is  divided  into  several 
r a v r  and  separate  lakes  which  are  interconnected  when  the  lake  reaches 
higher  levels.  The  area  included  in  this  study  is  in  Ramsey  County  and 
centers  around  the  city  of  Devils  Lake  and,  in  particular.  Creel  Bay  from 
the  southwest  and  East  Bay  from  the  south. 

Project  Authorization  and  Purpose 

1.03  General  authority  for  this  study  is  contained  in  Section  205  of  the 
Flood  Control  Act,  approved  30  June  1548;  as  amended  by  Section  205  of  the 
Fiend  Control  Act,  approved  23  October  1962;  Section  61  of  the  Water 
Resources  Development  Act,  approved  7  March  1974;  and  Section  133(b)  of 
the  Water  Resources  Development  Act,  approved  22  October  1976.  The  pur¬ 
pose  of  the  study  is  to  investigate  measures  to  protect  the  city  of  Devils 
Lake,  North  Dakota,  from  flood  damages  that  would  occur  if  lake  levels 
continues  to  rise.  The  floodplain  area  of  immediate  concern  consists  mainly 
of  commercial  and  residential  developments,  the  cicy  sewage  treatment  lagoons, 
and  vacant  land. 

Description  of  Proposed  Alternatives 

1.03  The  major  alternatives  would  be  located  within  4  miles  of  the  citv 
and  would  consist  of  various  levee  and  interior  drainage  alternatives. 
Preliminary  analysis  indicates  that  construction  of  a  levee  across  the 
head  of  Creel  Bay  just  west  of  Landfill  Road  would  be  the  most  cost-effective 
alternative.  Depending  on  the  level  of  protection  provided,  additional 
alignments  may  also  be  necessary  along  Trunk  Highway  19  south  of  the  airport 
and  near  the  intersection  of  Trunk  Highway  20/57  and  the  Burlington  Northern 
Railroad  tracks  south  of  the  city.  The  second  major  alternative  being  con¬ 
sidered  consists  of  raising  about  l’s  miles  of  Landfill  Road.  Interior 
cruitvage  facilities  would  also  be  required  and  could  be  located  north  and 
south  of  the  existing  sewage  lagoons  (see  attached  map).  Other  alternatives 
would  also  be  considered  but  would  probably  consist  of  various  levee  designs 
located  in  the  same  general  area. 

2.00  EXISTING  ENVIRONMENTAL  SETTING 

2. Cl  All  of  the  alternatives  would  be  located  in  grassland-wetland  complexes 
west  and  southwest  of  the  city  of  Devils  Lake.  Waterfowl,  primarily  ducks, 
are  abundant  around  the  sewage  lagoons,  which  also  contain  some  aquatic 
vegetation.  Creel  Bay  is  highly  eutrophic,  and  filamentous  algae  are 
abundant  there  in  August  due  to  high  nutrient  levels.  Vegetation  along  the 
lakeshore  includes  cattail  (Typha  sp.),  sedge  (Carex  sp.),  foxtail  barley 
(Hordeum  jubatum).  kochia  (Kochla  scoparia)  and  cordgrass  (Spartina  pectinata). 

2.02  The  upland  areas  around  Creel  Bay  are  vegetated  by  milkweed  (Acs- lepias 
sp.),  buffaloberry  (Shepherdla  argentea).  Canada  thistle  (Clrsum  arvense) . 
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curly  dock  (Runex  drispus)  ,  poison  ivy  (Rhus  rad  Loans ) .  end  various  other 
i  hrubs,  grasses,  and  sedges.  The  levees  south  of  town  would  be  located 
in  pasture  land  paralleling  either  a  county  road  or  railroad. 

2.03  All  of  the  alternatives  are  located  close  to  town,  primarily  in 
pasture  land.  Verv  few  trees  are  present  to  provide  any  roost  or  nest 
sit cs . 

j . 00  UiT ACTS  OF  ALTERNATIVES  Oh  THREATENED  AND  ENDANGERED  SPECIES 

3.01  A  letter  from  the  U.S.  Fish  and  Wildlife  Service  dated  28  November 
1980  stated  that  the  endangered  bald  eagle  (Hallaeetus  leucocephalus)  and 
peregrine  falcon  (Falci  peregrlnus)  may  be  in  the  project  area  in  a 
migratory  or  transient  status  (see  attached  letter).  The  following  is  an 
assessment  of  potential  impacts  on  these  species  in  the  project  area. 

Bald  F.aglc 

3.02  In  North  Dakota  breeding  populations  of  the  bald  eagle  occurred  in 
the  vicinity  ef  the  larger  rivers  and  lakes  that  were  bordered  with  mature 
stands  of  trees.  According  to  Stewart  (1975)  the  only  recent  breeding 
record  for  the  bald  eagle  was  in  1975,  when  a  breeding  pair  and  one  young 
bird  were  seen  in  the  western  part  of  the  State,  near  the  Missouri  River 
in  McLean  County.  In  the  vicinity  of  Devils  Lake,  active  nests  were  located 
in  1884,  1894,  1902,  1903,  and  the  latest  in  1923.  The  nests  in  1902,  1903, 
and  1923  were  situated  in  bur  oaks  at  heights  ranging  from  20  to  40  feet. 
During  the  1800 's  breeding  populations  were  a  regular  occurrence  along  the 
Red  River  of  the  North,  in  the  Devils  Lake  area  and  along  the  Missouri  River. 
The  last  active  nest  was  seen  in  the  Devils  Lake  area  in  1923. 


3.03  The  North  Dakota  Game  and  Fish  Department  has  no  recent  records  of 
bald  eagle  nesting  In  the  Devils  Lake  area.  Although  the  main  migration 
routes  are  farther  to  the  west,  eagles  may  occasionally  pass  through  the 
area  during  their  annual  spring  and  fall  migration.  No  eagles  are  usually 
present  in  the  area  during  lake  freeze-up  between  1  December  and  1  April. 

Th.  main  migration  periods  are  early  April  and  October  through  mid-November 
(S.  Kohn,  personal  communication,  December  1980  and  January  1981). 

3.04  The  U.S.  Fish  and  Wildlife  Service  does  not  have  any  recent  records 
of  bald  eagle  nesting  in  the  Devils  Lake  area  (J.  Nelson,  personal  commun¬ 
ication,  December  1980).  However,  a  small  group  of  migrating  eagles  usually 
seen  in  the  spring  and  fall  make  temporary  use  of  the  lake  and  surrounding 
wetlands  and  woodlands  (S.  Brock,  personal  communication,  December  1980). 

3.05  In  summary,  the  bald  eagle  has  not  nested  in  the  Devils  Lake  area  since 
1923  but  does  migrate  through  the  area  during  spring  and  fall  migration. 
However,  major  migration  routes  are  located  farther  to  the  vest.  The  flood 
control  alternatives  considered  for  the  city  of  Devils  Lake  would  have  little 
or  no  effect  on  the  continued  existence  of  the  bald  eagle  in  the  area. 

Peregrine  Falcon 

3.06  Since  no  breeding  records  have  been  reported  since  1954,  it  would  appear 
that  breeding  populations  of  the  peregrine  falcon  have  been  completely 
extirpated  from  North  Dakota.  During  the  1800’e  and  early  1900’s,  a  few 
scattered  pairs  were  observed  regularly,  chiefly  on  the  Little  Missouri  Slope 
in  the  western  part  of  the  State,  There  is  no  record  of  the  presence  of  the 
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peregrine  falcon  in  the  Devils  Lake  Basin  (Stewart,  1975). 


3.07  The  State  Game  and  Fish  Department  has  not  recorded  any  instances  of 
nesting  or  wintering  of  the  peregrine  falcon  in  the  Devils  Lake  area.  It 
i:  oven  doubtful  if  the  falcon  migrates  through  the  area  (however,  the  State 
Joes  not  keep  records  of  migration)  (S.  Kohn,  personal  communication, 

To.  ember  I°80). 

3.08  The  T.S.  Fish  and  Wildlife  Service  does  not  have  any  records  of  the  falcon 
netting  in  the  Devils  Lake  Basin  (J.  Nelson,  personal  communication,  December 
1 980) .  However,  the  falcon  may  migrate  through  the  area,  but  this  would  be  a 
rare  occurrence  (S.  Brock,  personal  communication,  December  1980). 

3.09  In  summary,  breeding  populations  of  the  peregrine  falcon  have  probably 
been  extirpated  from  North  Dakota,  and  only  occasional  migrants  visit  the 
Devils  Lake  Basin.  Therefore,  the  flood  control  alternatives  considered  for 
the  city  of  Devils  Lake  would  have  no  effect  on  the  continued  existence  of 
this  species  in  the  area. 
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United  States  Department  of  the  Interior 

FISH  AND  WILDLIFE  SERVICE. 

AREA  OFFICE-NORTH  DAKOTA 
1500  CAPITOL  AVENUE 
P  0  BOX  1S97 

BISMARCK.  NORTH  DAKOTA  5‘V.| 


MAR  1  0  JS8J 


"c.  reter  A.  Fischer 
Chief,  Engineering  Division 
C:-rs  cf  Engineers 

; 125  L.S.  Post  Office  and  Custom  House 
Et.  Paul,  Minnesota  55101 

Dear  Mr.  Fischer: 

This  responds  to  your  letter  of  February  23,  1981,  related  to  endangered 
species  in  the  Devils  Lake  flood  control  study  area. 

i  concur  with  your  biological  assessment  that  bald  eagles  and  peregrine 
falcons  will  not  be  adversely  affected  by  the  proposed  project. 

Thank  you  for  your  cooperation. 


Sincerely  yours. 


J&UZjlaAG  .K* 


Gilbert  E.  Key 
Area  Manager 
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United  States  Department  of  the  Interior 

FISH  AND  WILDLIFE  SERVICE 
mmmmamm-  north  Dakota 

I  MO  CAPITOL  AVENUE 
BISMARCK.  NORTH  DAKOTA  5IMI 

JUL  1  9  1963 


•  Colonel  Edward  G.  Rapp,  District  Engineer 
St.  Paul  District,  Corps  of  Engineers 
1135  U.S.  Post  Office  &  Custom  House 
St.  Paul,  Minnesota  55101 

Dear  Colonel  Rapp: 

We  have  reviewed  the  Section  205  Draft  Detailed  Project  Report  Flood  Control 
Project  at  Devils  Lake,  North  Dakota.  Our  comments  are  to  aid  the  Corps  in  the 
development  of  the  Final  Detailed  Project  Report.  They  do  not  satisfy  the 
requirement  of  the  Department  of  the  Interior  to  review  and  comment  on  any 
forthcoming  envl ronmental  statement. 

The  selected  alternative.  Plan  "B",  and  accompanying  mitigation  features  are 
compatible  with  previously  raised  Fish  and  Wildlife  Service  concerns  and  recommen¬ 
dations.  We  concur  with  the  selected  plan. 

You  will  find  attached  our  final  report  In  comformance  to  Section  2(b)  of  the 
Fish  and  Wildlife  Coordination  Act.  The  North  Dakota  Game  and  Fish  Department 
letter  of  July  15,  1983,  which  Is  attached  to  our  report,  comments  on  our 
conclusions  and  recommendations. 


If  you  have  any  questions  or  comments,  please  contact  A1  Ludden  of  my  staff  at 
FTS:  703-4492. 


Sincerely,  ^ 

Tschomler 
Field  Supervisor-Habitat  Resources 


Attachment 
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UNITED  STATES  DEPARTMENT  OF  THE  INTERIOR 

FISH  ANO  WILDLIFE  SERVICE 


FLOOD  CONTROL  AT  DEVILS  LAKE 
NORTH  DAKOTA 


A  REPORT  ON  FISH  ANO  WILDLIFE  RESOURCES 


UNITED  STATES  DEPARTMENT  OF  THE  INTERIOR 
FISH  AND  WILDLIFE  SERVICE 


FISH  AND  WILDLIFE  RESOURCES 
IN  RELATION  TO 
CREEL  BAY  AT  DEVILS  LAKE 
FLOOD  CONTROL  PROJECT 
NORTH  DAKOTA 


PREPARED  BY: 

NORTH  DAKOTA  FIELD  OFFICE 
U.S.  FISH  AND  WILDLIFE  SERVICE 
BISMARCK,  NORTH  DAKOTA 
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United  States  Department  of  the  Interior 

FISH  AND  WILDLIFE  SERVICE 
NORTH  DAKOTA 
1 500 CAPITOL  AVENUE 
BISMARCK.  NORTH  DAKOTA  SISOI 

JUL  1  9  1983 


•  Colonel  Edward  G.  Rapp,  District  Engineer 
St.  Paul  District,  Corps  of  Engineers 
1135  U.S.  Post  Office  and  Custom  House 
St.  Paul,  Minnesota  55101 

Dear  Colonel  Rapp: 

This  is  our  report  on  the  effects  the  local  flood  control  project  at  the  head 
of  Creel  Bay  at  Devils  Lake,  North  Dakota,  will  have  on  fish  and  wildlife 
resources.  This  report  is  to  accompany  the  Corps  of  Engineers  Detailed  Project 
Report  through  the  final  review  process.  It  is  prepared  under  the  authority  of 
and  in  accordance  with  the  provisions  of  the  Fish  and  Wildlife  Coordination  Act 
(48  Stat.  401,  as  amended;  16  U.S.C.  661  et  seq.).  It  Is  also  consistent  with 
the  intent  of  the  National  Envl ronmental  Policy  Act  of  1969  (P.L.  91-190;  83 
Stat.  852,  856).  It  addresses  the  effects  of  the  various  alternative  plans  on 
fish  and  wildlife  resources,  and  conveys  recommendations  which  are  designed  to 
prevent,  mitigate  or  compensate  adverse  effects  to  these  resources.  This 
report  supercedes  all  previous  reports  which  apply  to  the  local  flood  protection 
project  for  Devils  Lake.  Comments  on  the  conclusions  and  recommendations  of 
this  report  by  the  North  Dakota  Game  and  Fish  Department  (NDGFD)  are  contained 
in  the  attached  letter  dated  July  15,  1983,  by  Commissioner  Dale  Henegar. 

Our  recommendations  and  associated  costs  for  mitigating  and/or  compensating 
project-caused  fish  and  wildlife  losses  are  congruous  with  the  Presidential 
directive  (of  June  1978)  on  envl ronmental  quality  and  water  resources  management 
That  directive  states: 

In  all  project  construction  appropriation  requests,  agencies  shall 
Include  designated  funds  for  all  environmental  mitigation  required 
for  the  project  and  shall  require  that  mitigation  funds  be  spent 
concurrently  and  proportionately  with  construction  funds  throughout 
the  life  of  the  project. 

DESCRIPTION  OF  STUDY  AREA 

Devils  Lake,  a  city  of  7,448  persons,  Is  located  In  Ramsey  County,  North  Dakota. 
It  Is  situated  at  the  northeast  end  of  Creel  Bay  which  Is  an  arm  of  Devils 
Lake.  The  lake  Is  located  at  the  south  end  of  the  Devils  Lake  Basin  and  Is  the 
termlnous  for  basin  water. 

Devils  Lake  Basin  Is  a  closed  basin  located  In  north-central  North  Dakota 
(Figure  1)  which  covers  about  2.4  million  acres.  Landforms  In  the  Basin  are 
iargely  the  result  of  glaciation.  An  extensive  ground  moraine  formed  an 
undulating  plain  Interspersed  with  areas  of  lake  plain,  outwashes  and  moraine 
called  the  Drift  Plain. 
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Throughout  the  Basin  are  numerous  shallow  wetland  depressions,  sometimes 
termed  prairie  potholes.  These  shallow  depressions  make  up  a  maximum  water 
surface  area  of  412,000  acres  of  drained  and  undrained  wetlands.  Such  an  area 
attracts  large  concentrations  of  grebes,  ducks,  geese,  coots,  shoreblrds  and 
gulls. 

An  analysis  of  land  use  and  cover  by  Landsat  satellite  Imagery  dated  September  13, 
1974,  showed  that  approximately  70  percent  of  the  Basin  is  cultivated  land. 
Remaining  areas  Include  8  percent  grassland,  16  percent  water  areas,  3  percent 
woodland  and  3  percent  miscellaneous  areas. 

DESCRIPTION  OF  THE  PROJECT 

The  Corps  has  developed  four  alternative  plans  (Figure  2)  for  the  protection  of 
the  city  of  Devils  Lake  and  Its  sewage  lagoon  against  flooding. 

0  Dikes  in  Plan  "A"  would  protect  from  lake  levels  up  to  1435  feet 
(ms  1 )  and  have  a  top  elevation  of  1440  feet  (msl).  One  dike  would 
be  constructed  for  a  distance  of  1,100  feet  across  Creel  Bay.  A 
much  shorter  dike  would  be  constructed  in  the  SE%  of  Section  9, 

T.  153  N  ,  R.  64  W.  Figure  2  shows  the  plan. 

°  Plan  "B"  is  the  Corps'  preferred  plan.  Dikes  would  protect  up  to 
1440  feet  (msl)  and  have  a  top  elevation  of  1445  feet  (msl). 

Several  dikes  would  be  constructed  (Figure  2):  (1)  a  2,400-foot 
long  dike  immediately  south  of  the  airport;  (2)  a  2,900-foot  long 
dike  across  the  head  of  Creel  Bay;  and  (3)  a  3,100-foot  long  dike 
south  of  the  sewage  lagoon. 

0  Plan  "C"  would  protect  up  to  1445  feet  (msl)  and  have  a  top  elevation 
of  1450  feet  (msl).  The  plan  would  require  two  dikes  (Figure  2): 

(1)  a  16,000-foot  long  dike  across  the  head  of  Creel  Bay;  and  (2) 
a  7, 200- foot  long  dike  south  of  the  sewage  lagoon. 

°  Plan  “0"  would  protect  up  to  1450  feet  (msl)  and  have  a  top  elevation 
1455  feet  (msl).  The  plan  would  require  a  nearly  continuous  ring 
levee  around  the  south  and  west  sides  of  the  city. 

The  Interior  drainage  system  for  the  four  alternative  plans  would  consist  of 
two  holding  ponds  with  gated  outlets  and  a  large  pumping  station.  There  would 
be  a  system  of  ditches  and  pipes  linking  the  holding  ponds  to  the  pumping 
station.  The  north  holding  pond  would  be  combined  with  the  existing  lagoon 
effluent  holding  pond.  The  combined  storm  and  effluent  water,  meeting  State 
water  quality  standards,  would  be  discharged  Into  the  lake  via  the  pumping 
station. 

In  addition  to  the  basic  drainage  system.  Plan  "D"  would  require  an  additional 
holding  pond,  pumping  station  and  ditch/pipe  system.  The  added  facilities 
would  accommodate  drainage  from  the  eastern  part  of  the  city. 
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EVALUATION  METHODOLOGY 

Habitat  Evaluation  Procedures  were  not  used  In  our  field  Investigations.  They 
were  not  appropriate  for  this  study  which  utilized  primarily  existing  data 
during  a  short  time  period. 

Onsite  visits  were  made  to  the  proposed  project  area  to  evaluate  the  Impacts  to 
fish  and  wildlife  resources.  Aerial  Imagery,  maps  and  drawings  of  project 
features,  and  descriptions  provided  by  the  Corps  of  Engineers  supplemented  the 
evaluation. 


FISH  AND  WILDLIFE  RESOURCES 


Fish  Resources 


Devils  Lake  provides  the  most  Important  water  based  recreation  area  In  eastern 
North  Dakota.  It  primarily  serves  people  In  a  150-mile  radius  and  supports 
about  240,000  angler  days  annually.  Primary  species  of  game  fish  Include 
northern  pike,  walleye,  white  bass,  crapple  and  yellow  perch.  The  basic 
forage  fish  species  Is  the  fathead  minnow.  All  these  species  are  found  In 
Creel  Bay.  Crapple,  white  bass  and  yellow  perch  occasionally  spawn  In  the  bay 
along  Its  shallow  areas.  Yellow  perch  begin  to  spawn  from  April  15  and  may 
extend  Into  July,  white  crapple  and  white  bass  begin  In  late  May  and  may  extend 
Into  mid- July.  Some  Invertebrate  species  Important  as  fish  food  found  In  the 
bay  Include  water  boatmen,  backswlmmer,. midge,  caddlsfly  and  amphlpod  (Gamnarus 
spp.). 


The  water  In  Devils  Lake  does  not  meet  North  Dakota  water  quality  standards. 

The  North  Central  Planning  Council  reports  fall  fertilizer  application,  wetland 
drainage,  summer  fallow  and  Intensive  fall  cultivation  as  some  of  the  agricultural 
practices  suspected  of  causing  water  quality  deterioration.  Nitrogen  and 
phosphorus  nutrients  are  products  of  these  practices  carried  by  runoff  Into 
coulees  heading  toward  Devils  Lake.  These  two  nutrients  stimulate  the  growth 
of  aquatic  plants,  such  as  algae.  When  algal  blooms  die,  the  decomposition 
creates  an  added  demand  on  the  available  free  oxygen  used  by  fish  and  Invertebrates. 
This  process,  known  as  eutrophication,  could  eliminate  the  sport  fishery  of 
Devils  Lake  If  not  corrected. 

Sewage  lagoon  effluent  discharged  by  the  city  of  Devils  Lake  Is  a  major  source 
of  nutrient  Inputs  Into  Creel  Bay.  The  city  Is  currently  studying  ways  to 
reduce  the  Input  of  phosphorus  and  nitrogen  Into  the  bay. 

Wildlife  Resources 


A  113-acre  overflow  sewage  lagoon  lies  north  of  the  city's  sewage  treatment 
facility  and  ND  Highway  19.  Vegetation  In  the  artificially  flooded  wetland 
Includes:  cattail  (Tvoha  sop.),  horsetail  (Eoulsotum  spp.).  bulrush  (Sclrpus 
spp.)  and  sedge  (Carex  spp.).  A  65-acre  wetland  lies  Ineedlately  west  of  tne 
sewage  lagoon,  me  duep  road  Impounds  the  wetland  and  the  city  pumps  treated 
sewage  effluent  Into  the  wetland,  keeping  It  wet.  Predominant  vegetation  Is 
the  same  described  In  the  aforementioned  overflow  lagoon,  but  with  the  addition 
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of  common  reed  (Phragmltes  communis).  Southwest  of  the  sewage  lagoon  Is  a 
38-acre  wetland  that  is  intend ttently  flooded.  Predominant  vegetation  Includes 
Nuttall's  alkali  grass  (Pucclnellla  alroldes).  foxtail  barley  (Hordeum  jubatum) , 
curlycup  gum  weed  (Grlndella  souarrosa).  curled  dock  (Rumex  crlspus)  ana  koc hi  a 
(Kochi a  scorparlajl  Southeast  of  the  sewage  lagoon  Is  a  40-acre  wetland  vegetated 
by  cattaTTlTj^Fa  spp.),  bulrush  (Sclrpus  spp.),  sedge  (Carex  spp.)  and  common 
reed  (Phragmltes  communl s) .  The  wetland  Is  Impounded  bythe  embankment  of  an 
abandoned  Great  Northern  rail  track.  All  wetland  locations  are  displayed  In 
Figure  2. 

When  the  water  level  of  Devils  Lake  rises  the  upper  end  of  Creel  Bay  Is  Intermit¬ 
tently  flooded;  then,  the  lake  eventually  recedes  leaving  a  mud  bottom  Immediately 
west  of  the  dump  road.  Temporarily  flooded  lakeshore  occurs  landward  from  the 
bay's  Intermittently  flooded  mud  bottom.  Predominant  vegetation  along  the 
lakeshore  Include:  cattail  (Typha  spp.),  sedge  (Carex  spp.).  foxtail  barley 
(Hordeum  jubatum)  and  kochla  (kochla  scooarla). 

The  medium  to  low  habitat  value  of  the  three  cells  In  the  sewage  lagoon  can 
sustain  waterfowl  production  during  drought  years  by  providing  food,  nesting 
sites,  loafing  areas  and  permanent  water  to  breeding  dabblers.  Potential 
breeders  Include  mallards,  gadwalls,  shovelers  and  blue-winged  teal.  Lesser 
scaup  Is  the  most  numerous  of  the  divers  that  loaf  or  feed  In  the  lagoon. 

Redheads  and  canvasbacks  are  commonly  seen. 

Wetlands  adjacent  to  and  near  the  sewage  lagoon  have  a  high  wildlife  habitat 
value.  The  habitat  is  productive  for  a  diversity  of  animal  life  from  the  lower 
Invertebrates  to  waterfowl  and  other  birds  that  utilize  wetlands  for  nesting, 
brooding,  feeding  and  migratory  stopover. 

Endangered  Species 

Four  endangered  species  are  officially  listed  for  North  Dakota:  the  whooping 
crane,  bald  eagle,  peregrine  falcon  and  black-footed  ferret. 

Based  on  our  records  and  knowledge  of  the  project  study  area,  the  bald  eagle 
and  peregrine  falcon  could  be  present,  but  only  In  a  migratory  or  transient 
status.  We  have  no  records  of  these  birds  nesting  or  having  permanent  residence 
In  the  area  of  the  proposed  project. 

EFFECTS  OF  ALTERNATIVE  PLANS  ON  FISH  AND  WILDLIFE  RESOURCES 

The  four  alternative  plans  are  analyzed  for  changes  they  could  cause  to  biological 
resources  In  the  proposed  project  area. 

flttaatrai 

Table  1  shows  the  number  of  upland  and  flood-plain  acres  that  would  be  covered 
by  each  of  the  four  plans.  Construction  of  the  dikes  and  associated  cofferdams 
across  Creel  Bay  could  Induce  silt  and  turbidity  temporarily  reducing  water 
quality  In  the  upper  end  ot  the  bay.  Benthic  organisms  could  be  smothered  and 
fishery  resources  forced  to  abandon  feeding,  breeding  and  nursery  waters.  Silt 
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material  could  Introduce  substances  toxic  to  aquatic  life  forms,  If  the  borrow 
areas  are  not  carefully  chosen  for  clean  materials.  Additional  construction 
could  be  required  for  access  onto  the  flood  plain  to  construct  the  dikes.  This 
would  decrease  the  diversity  of  fish  habitat  with  the  filling  over  of  hydrlc 
soils  and  plants. 

Table  1.  Acreage  estimates  of  each  of  the  four  plans. 


Plan  A 
(1440)* 

PTan"l 

(1445) 

Alan  T - 

(1450) 

Alan  "fT 
(1455) 

Upland 

2. 75± 

15.00i 

47.40± 

69.001 

Creel  Bay 

1.50± 

3.40± 

3.90± 

3.90t 

Ponding  Areas 
(110-year  event) 

825.001 

825. 00± 

825.00± 

900.001 

Total  Acreage 

829. 25± 

843. 40i 

876.301 

972.901 

♦Number  In  parenthesis  Is  the  top  elevation  of  each  dike. 


Plan  "A"  would  require  the  smallest  area  (1.5  acres)  of  fill  In  the  flood 
plain.  Plans  "B",  "C"  and  "0"  would  require  greater  than  3  acres  of  fill  In 
the  flood  plain  to  cross  Creel  Bay.  These  plans  could  cause  the  greatest 
degradation  of  water  quality  affecting  aquatic  life  forms. 

Plan  "B",  which  would  require  less  fill-area  than  Plans  "C"  and  "D",  has  a 
higher  level  of  lake  stage  protection  than  Plan  "A".  It  would  cover  more  area 
than  Plan  "A"  at  the  head  of  Creel  Bay,  but  It  would  reduce  the  chance  of  a 
flooded  sewage  lagoon.  Conversely,  not  protecting  the  city’s  sewage  treatment 
facility  could  result  In  contaminating  Creel  Bay  from  raw  sewage. 

Any  plan  selected  for  Creel  Bay  could  Increase  the  chance  for  agricultural , 
residential  and  Industrial  development  on  the  flood  plain.  This  would  Increase 
the  chance  for  possible  releases  of  nutrients,  pesticides  and  other  pollutants 
Into  the  bay.  Pesticides  and  other  toxic  substances  would  affect  fish  resources 
directly.  High  nutrient  loads  would  affect  these  resources  Indirectly  by  an 
added  demand  on  available  free  oxygen. 

Wildlife  Resources 


Plans  to  protect  the  city  and  Its  sewage  lagoon  would  require  dikes  to  the  west 
and  southeast  of  the  city.  Plan  "A"  would  require  the  smallest  area  (2.75 
acres)  of  upland  for  the  construction  of  project  features.  Plans  "C"  and  “D", 
covering  the  greatest  upland  area,  would  require  the  clearing  of  about  2.5 
acres  of  woodland.  This  habitat  Is  of  high  value  to  resident  game  and  nongame 
species. 

Plans  "B",  "C"  and  "0"  would  require  a  dike  south  of  the  sewage  lagoon  blocking 
the  outlet  of  a  40-acre  wetland  (Figure  2).  A  new  outlet  for  the  wetland  would 
be  constructed  to  prevent  the  Inundation  of  adjacent  land.  This  proposed 
action  could  drain  the  water  from  the  wetland  habitat  that  has  a  high  wildlife 
value. 
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If  water  in  the  65-acre  wetland  and  the  38-acre  wetland  (Figure  2)  would  affect 
interior  drainage  or  weaken  the  dump  road  or  the  dike  across  Creel  Bay,  they 
may  need  to  be  drained.  This  would  destroy  a  high  use  area  for  many  waterfowl 
species  and  other  birds. 

If  one  of  the  four  plans  were  not  selected,  the  rising  level  of  Devils  Lake 
would  Inundate  the  head  of  Creel  Bay.  Wetlands  would  be  replaced  by  the  deeper, 
permanent  water  of  lake  habitat. 

Plan  MB"  would  provide  a  higher  level  of  protection  than  Plan  "A"  to  the  wetlands 
behind  the  dump  road.  As  opposed  to  Plans  “C"  and  "D",  It  would  also  require 
less  construction  activity  and  would  not  clear  any  woodland. 

If  not  restricted,  agricultural ,  residential  and  Industrial  developments  would 
occur  on  the  protected  flood  plain  behind  the  proposed  dikes.  This  would  be 
Incompatible  with  existing  wildlife  resources. 

Endangered  Species 

Our  March  10,  1981,  letter  concurs  with  the  Corps'  biological  assessment  that 
eagles  and  peregrine  falcons  will  not  be  adversely  affected  by  the  proposed 
project. 


PLAN  OF  DEVELOPMENT  FOR  FISH  AND  WILDLIFE  RESOURCES 
Fish  Resources 


We  urge  the  Corps  of  Engineers  to  use  only  clean  fill  material  for  the  construction 
of  the  dikes  and  associated  cofferdams.  This  would  help  to  reduce  excessive 
turbidity  and  prevent  the  entrance  of  potentially  polluted  materials  Into  the 
waters  of  Creel  Bay.  The  placement  of  fill  material  below  the  water  surface  of 
the  bay  should  be  avoided  from  May  through  June.  This  would  avoid  creating 
problems  for  fish  spawning  activities. 

The  Corps  Is  urged  not  to  allow  the  direct  access  of  vehicles  and  heavy  equipment 
onto  hydrlc  soil  sites.  If  routes  need  to  be  constructed  for  access  onto  the 
flood  plain,  they  should  be  constructed  of  nontoxic  and  nonerodable  material. 

The  routes  should  then  be  removed  as  soon  as  possible.  Care  should  be  taken  to 
prevent  any  petroleum  products,  chemicals  or  other  deleterious  materials  from 
entering  the  waterway. 

A  zero  discharge  system  for  the  city's  sewage  lagoon  would  remove  a  major 
source  of  phosphorus  and  nitrogen  Input  Into  Creel  Bay.  The  city  and  the  NO 
State  Department  of  Health  have  discussed  the  possibility  of  spreading  effluent 
on  an  upland  area  west  of  the  lagoon.  We  support  and  encourage  the  Corps, 
efforts  In  their  review  of  such  a  plan  which  would  improve  the  water  quality  of 
the  bay. 

Executive  Order  11968  on  Flood  Plain  Management  Is  adhered  to  when  planning 
efforts  protect,  manage  and  enhance  or  restore  the  natural  and  beneficial 
values  of  a  flood  plain.  Agricultural,  residential  and  Industrial  development 
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should  be  regulated  In  the  flood  plain  of  the  former  lakebed  at  the  head  of 
Creel  Bay.  Such  a  restriction  would  prevent  the  release  of  nutrients,  pesticides 
and  other  pollutants  Into  Creel  Bay.  We  encourage  the  Corps  to  participate 
with  the  project  sponsors,  the  NO  State  Water  Commission  and  the  Federal  Emergency 
Management  Agency  In  the  development  of  flood  plain  regulations. 

Wildlife  Resources 


If  either  Plan  "C"  or  "0"  were  to  be  selected,  the  clearing  of  2.5  acres  of 
native  woodland  should  be  compensated  by  woody  plantings.  The  Corps  or  the 
project  sponsor  should  plant  and  maintain  at  project  cost  2  acres  of  trees  for 
every  acre  that  Is  cut.  This  would  be  consistent  with  the  policy  of  the  NO 
Game  and  Fish  Department.  Plantings  could  be  done  on  project  lands,  or  other 
sites  could  be  located  near  the  project  area.  An  estimated  $1,230  would  be 
required  at  project  cost  to  plant  5  acres  of  trees.  A  total  of  $240  would  be 
needed  for  cultivation  during  a  5-year  period. 

A  new  drainage  outlet  would  be  constructed  for  a  40-acre  wetland.  The  Corps 
should  design  the  new  outlet  to  match  the  elevation  of  the  natural  one  to 
prevent  a  loss  of  water  and  habitat.  The  Corps  has  advised  the  FWS  that  the 
65-acre  wetland  would  not  be  drained;  Instead,  the  Corps  proposes  a  grassed 
inlet  at  elevation  1428.0  feet  (msl)  be  constructed  Into  the  dike.  This  would 
then  allow  a  5-year  frequency  runoff  at  elevation  1428.26  feet  (msl)  to  fill 
the  wetland.  We  are  pleased  to  note  that  both  wetlands  are  being  protected; 
however,  should  they  be  drained,  additional  mitigation  would  be  required. 

The  38-acre  wetland  would  be  drained.  The  Corps  proposes  to  compensate  for 
this  loss  with  the  construction  of  a  weir  to  elevation  1426.75  feet  (msl)  in 
two  new  culverts  under  NO  Highway  19.  The  new  weir  and  runoff  would  Increase 
the  surface  area  of  the  north  holding  pond  from  113  acres  to  167  acres. 

All  disturbed  sites  for  project  purposes  and  all  dike  surfaces  should  be 
revegetated  with  native  grasses.  Planting  rates,  species  and  maintenance 
recommendations  should  be  coordinated  with  the  U.S.  Soli  Conservation  Service 
In  Bismarck,  North  Oakota.  Estimated  costs  are  $60  per  acre  for  establishing 
the  native  grasses  and  $3  per  acre  for  annual  maintenance. 

We  encourage  the  Corps  to  participate  with  the  project  sponsors,  the  NO  State 
Water  Commission  and  the  Federal  Emergency  Management  Agency  to  help  regulate 
development  In  the  former  lakebed  at  the  head  of  Creel  Bay.  Such  an  effort 
would  be  consonant  with  Executive  Order  11988  In  regulating  agricultural, 
residential  and  Industrial  encroachment  Into  the  flood  plain. 

Wetlands  are  essential  breeding,  rearing  and  feeding  areas  for  many  species  of 
wildlife.  In  this  case,  the  replacement  of  a  project-caused  loss  to  wetland 
habitat  would  be  consonant  with  Executive  iVder  11990,  Protection  of  Wetlands. 
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RECOMMENDATIONS 

To  safeguard  fish  and  wildlife  resources  from  project-1  ncurred  losses,  we 
recommend  that: 

Fish  Resources 


1.  The  following  stipulations  be  Included  In  the  construction  contracts: 

a.  Only  clean  fill  material  be  used  for  the  construction  of  the  dikes 
and  associated  cofferdams. 

b.  No  fill  material  Is  to  be  placed  below  the  water  surface  of  Creel 
Bay  from  May  through  June. 

c.  All  vehicles  or  heavy  machinery  be  kept  out  of  the  hydrlc  soil 
sites  In  or  near  the  proposed  work  area. 

d.  Access  routes  onto  the  flood  plain  are  to  be  constructed  of 
nontoxic  and  nonerodable  material  and  removed  as  soon  as  possible. 

e.  Care  be  taken  to  prevent  any  petroleum  product,  chemicals  or  other 
deleterious  materials  from  entering  the  waterway. 

2.  The  Corps  of  Engineers  consult  with  the  city  of  Devils  Lake,  the  ND 
State  Department  of  Health,  and  the’U.S.  Environmental  Protection 
Agency  (Denver)  about  the  development  of  a  zero  discharge  system  for 
the  city's  sewage  lagoon. 

3.  The  Corps  of  Engineers  participate  with  the  project  sponsors,  the  ND 
State  Water  Commission  and  the  Federal  Emergency  Management  Agency  in 
formulating  a  plan  to  regulate  flood-plain  development. 

Wildlife  Resources 

1.  The  selection  of  either  Plan  "C"  or  "D"  would  require  compensating  the 
loss  of  native  woodland  by  planting  and  cultivating  5  acres  of  trees 
at  an  estimated  project  cost  of  $1,470. 

2.  The  Corps  of  Engineers  take  the  following  precautions  to  prevent 
wetland  drainage: 

a.  Construct  the  new  outlet  for  a  40-acre  wetland  to  match  the 
elevation  of  the  natural  one. 

b.  Protect  the  65-acre  wetland  :s  Is  being  presently  proposed. 

3.  All  disturbed  sites  and  dike  surfaces  should  be  revegetated  with 
native  grasses.  The  Corps  of  Engineers  should  coordinate  with  the 
U.S.  Soil  Conservation  Service,  Bismarck,  North  Dakota,  about  the 
planting  rates,  species  and  maintenance  recommendations.  The  estimated 
cost  per  acre  fbr  establishing  the  native  grasses  Is  $60  and  the 
annual  maintenance  cost  Is  $3. 
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4.  The  FWS  concurs  with  the  Corps'  proposal  to  allow  the  north  holding 
pond  to  Increase  from  113  acres  to  167  acres. 

5.  The  Corps  of  Engineers  participate  with  the  project  sponsors,  the  NO 
State  Water  Commission  and  the  Federal  Emergency  Management  Agency,  In 
formulating  the  flood-plain  management  plan. 

SUMMARY 

The  adverse  Impacts  of  all  four  alternative  plans  tend  to  be  minor  to  fish  and 
wildlife  resources,  even  though  there  Is  some  required  prevention,  mitigation 
and  compensation  of  habitat  losses.  The  FWS  favors  the  Plan  "B"  alternative; 
however,  we  would  have  no  objection  to  any  plan  If  our  foregoing  recommendations 
are  Incorporated  into  the  project  plan. 

Thank  you  for  this  opportunity  to  provide  the  evaluation  and  recommendations  for 
fish  and  wildlife  resources  In  the  Creel  Bay  area.  Please  notify  us  of  any 
changes  In  project  plans,  and  do  not  hesitate  to  contact  us.  We  also  request 
that  you  Inform  us  of  actions  taken  on  each  of  the  recommendations. 

Sincerely, 

rr 

— •  y  .  — 

S.  Zschomler 

Field  Supervisor-Habitat  Resources 
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July  15,  3983 


'r.  If.S.  Zschor.ler 
Supervisor,  '^abitat  Preservation 
U.S.  Fish  and  Wildlife  Service 
1500  Capitol  Avenue 
Bismarck,  NO  58505 


Re:  Fun  and  Wildlife  Resources 
Flood  Control  Project 
Devils  Lake,  NO 


Dear  Mr.  Zsc'-or.ler: 

We  na'.o  reviewed  the  above  referenced  rsccrt  rod  concur  with  the 
conclusions  contained  therein. 


Sincerely, 


/  S'* 


ale  L.  h'enegar 
Comissioner 


M:u‘.ri:  lr 


C 


Ch,r!«t  H.  Schrordff 

T  V\  TV  CC  V  :;sS'.‘.MR 


P«W  L  H»srf«r 

c:  ••’•ns tc-m 
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Summary  of  Fish  and  Wildlife  Plan  of 
Development,  Fish  and  Wildlife  Service 
Recomnendat ions, and  Method  of  Incorporation 
Into  Selected  Plan 


Rccommendat ion 


Method  of  Incorporation 


Plan  of  Development 


a.  Fill  material. 


ti .  Avoid  fill  placement  in 

water  during  May  and  June. 


c.  Do  not  allow  access  onto 
hvdrlc  (wet)  soils. 


d.  Temporary  fill  should  be 
removed . 


Fill  would  be  obtained  from  borrow  areas  that 
have  no  record  of  being  used  as  dumps  or  dis¬ 
posal  areas  for  contaminated  material.  Fill 
would  be  clay  and  similar  materials  but  would 
be  placed  in  a  manner  resistant  to  erosion. 

It  is  not  possible  to  guarantee  that  fill 
will  not  be  placed  in  water  during  specific 
times  because  emergency  actions  may  be  re¬ 
quired.  However,  the  Corps  will,  to  the 
extent  possible,  avoid  fill  placement  in 
water  in  May  and  June. 

Fill  must  be  placed  in  hydric  sites  at  Creel 
Bay,  but  fill  would  be  placed  on  access 
routes  or  areas  would  be  dewatered  for  the 
majority  of  construction.  Vehicles  would 
not  drive  directly  into  water  or  wet  soils. 

All  temporary  fill  would  be  removed  as  soon 
as  possible. 


e.  Toxic  materials  and  chemicals  As  part  of  the  project  plans  and  speclfica- 

should  be  prevented  from  enter-  tlons,  the  contractor  must  prevent  chemicals 
ing  the  waterway.  and  debris  from  entering  the  waterway. 

f.  A  land-spreading  system  for  the  The  city,  State  Department  of  Health,  and 


city's  treated  sewage  effluent 
should  be  Implemented. 


Floodplain  regulations  for 
the  project  area  should  be 
developed . 


If  either  plan  C  or  D  is 
selected,  woodland  losses 
should  be  coeipensated . 


U.S.  Environmental  Protection  Agency  have 
been  investigating  the  feasibility  of  spread¬ 
ing  treated  sewage  water  on  land.  These 
studies  are  not  completed,  but  the  Corps  embank¬ 
ment  and  interior  drainage  facilities  would  be 
compatible  with  such  a  system. 

A  land  management  plan,  which  would  Involve 
floodplain  regulations,  is  part  of  the  selected 
plan.  The  Corps  does  not  have  the  authority 
to  develop  such  a  plan,  but  would  provide 
technical  assistance  to  the  implementing 
agencies. 

Plan  B  is  the  selected  plan.  If  other  alter¬ 
natives  would  be  evaluated  again,  woodland 
compensation  would  be  considered. 


Summary  of  Fish  and  Wildlife  Plan  of 
Development,  Fish  and  Wildlife  Service 
Recommendat  ions,  and  Method  of  Incorporation 
Into  Selected  Plan  (Cont.) 


Recommendat  Ion _ Method  of  Incorporation _ 

t.  The  new  outlet  for  the  wetland  The  new  grassed  waterway  outlet  would  be  con- 
near  the  south  embankment  should  structed  to  the  same  elevation  as  the  exist- 
be  constructed  to  an  elevation  ing  culvert  under  the  railroad.  The  water 
similar  to  that  of  the  exist  in,-  level  would  be  maintained, 
one . 


|.  Wetlands  near  the  sewage  lag¬ 
oons  should  be  maintained  or 
replaced  if  possible. 


k.  All  disturbed  sites  should 
be  revegetated  with  native 
grasses,  and  these  plantings 
should  be  coordinated  with 
the  U.S.  Soil  Conservation 
Service . 


1.  A  plan  to  regulate  development 
in  the  floodplain  should  be 
formulated . 


m.  The  selected  plan  supports 
Executive  Order  11990, 
Protection  of  Wetlands. 


The  65-acre  wetland  would  be  maintained.  A 
notch  would  be  cut  at  about  elevation  1428 
feet  msl  in  the  surrounding  dike  to  allow 
water  to  overflow  into  the  wetland.  This 
35-acre  wetland  would  have  to  be  drained. 
This  35-acre  wetland  depends  on  water  levels 
and  is  dry  when  the  lake  is  lower  than  1,425 
feet  msl.  With  the  project,  this  area  would 
he  converted  to  a  drier  upland  grass  area. 
The  outlet  of  the  north  holding  pond  would 
be  constructed  to  maintain  a  wetland  with  a 
maximum  depth  of  1.6  feet. 

All  disturbed  sites  suitable  for  revegetat¬ 
ing  would  be  seeded  or  planted.  The  final 
planting  plan  has  not  yet  been  developed, 
but  it  would  Involve  native  grass  species. 
Coordination  with  the  SCS  has  been  initiated 
and  will  continue.  The  final  planting  and 
maintenance  plan  will  be  coordinated  with 
the  SCS,  State  Water  Commission,  and  Fish 
and  Wildlife  Service. 

The  State  of  North  Dakota  is  developing  a 
floodplain  regulation  plan  and  la  coordinat¬ 
ing  it  with  local  sponsors.  This  plan  would 
regulate  future  developments.  The  land 
management  plan  in  the  selected  plan  is 
considered  consistent  with  Executive  Order 
11988  on  floodplains. 

The  Corps  agrees. 


FWS  Recot 

amends t ions 

a.  Pish 

Resources. 

(1) 

Use  clean  fill. 

See 

1 . a .  above . 

(2) 

Do  not  place  fill  material 

See 

1 . b .  above . 

below  water  surface  from 

May  through  June. 
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Summary  of  Fish  and  Wildlife  Plan  of 
Development,  Fish  and  Wildlife  Service 
Recommendat ions,  and  Method  of  Incorporation 
Into  Selected  Plan  (Cont.) 


Recommendat ion 


Method  of  Incorporation 


(3)  Vehicles  should  be  kept  See  l.c.  above, 
out  of  hydric  (wet)  soils. 

(4)  Access  routes  should  be  As  stated  above,  clean  fill  would  be  used, 

of  nontoxic  and  non-  The  fill  will  consist  of  clay  and  similar 

erodable  material  and  material  but  would  be  placed  in  a  manner 

should  be  removed  as  that  would  resist  erosion.  Temporary  fill 

soon  as  possible.  would  be  removed  as  soon  as  possible.  See 

l.a.,  l.c.,  and  l.d.  above. 

(5)  Care  should  be  taken  to  See  l.e.  above, 
prevent  chemicals  and 

other  material  from 
entering  the  waterway. 

(6)  The  Corps  should  consult  See  l.f.  above, 
with  appropriate  agencies 

in  the  development  of  a 
zero-discharge  system  for 
the  city's  sewage  lagoon. 

(7)  The  Corps  should  particl-  See  l.g.  above, 
pate  with  concerned  agen¬ 
cies  in  the  development  of 

a  plan  to  regulate  flood- 
plain  development. 

Wildlife  Resources. 

(1)  Plan  C  or  D  would  require  See  l.b.  above, 
woodland  compensation. 

(2)  Wetlands: 

(a)  The  new  outlet  for  the  See  1.1.  above, 
wetland  near  the  south 

embankment  should  be 
constructed  to  the 
elevation  of  the 
existing  outlet. 

(b)  Wetlands  near  the 
sewage  lagoons  should 
be  maintained  or  com¬ 
pensated  . 

(3)  All  dlaturbed  sites  See  l.k.  above, 

should  be  revegetated  with 
native  grasses.  Coordinate 
plan  with  the  U.S.  Soil 
Conservation  Service.  1-27 


As  stated  in  l.J.  and  l.m.  above,  wetlands 
would  be  preserved.  The  63-acre  wetland 
would  be  maintained.  A  permanent  wetland 
would  be  maintained  in  the  north  holding 
pond. 
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